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NOTATION 

■ 

C Linear damping factor in CX in Equation [1] 

Fc Fourier cosine transform value at w 

Fs Fourier sine transform value at &> 

/ Frequency in cycles per second 

h An increment of time 

M Mass 

f Damped natural frequency of linear system 

5. First forward difference at n 

S% Second forward difference at n 

t Time in seconds 

X Relative displacement {Y-Z) or response displacement 

aX Pseudo-response velocity 

at2 X Pseudo-response acceleration 

y Absolute displacement of the linear oscillator from its 
equilibrium position 

Z Displacement of foundation from its equilibrium position 

a Ratio of damping to critical linear damping or damping coefficient 

<u Undamped natural frequency of linear system in radians per second 

IV 



ABSTRACT 

This paper describes a computer program and a mathematical model 

(developed by G.J. O'Hara of the Naval Research Laboratory) for computing 

shock and residual shock spectra of linear elastic structures responding to 

transient forces and foundation motions.  A wide range of output options, 

from tabulated results to a four-coordinate log-log grid, is possible. 

Included in the mathematical analysis of the shock spectra is a refinement 
in determining maximum responses, suggested by O'Hara, resulting in a 

more accurate shock spectrum.  The program is written in FORTRAN IV 

for the IBM 7090 and includes plotting subroutines for the General 

Dynamics S-C 4020 printer-plotter.   The program is also coded without the 

S-C 4020 subroutines. 

ADMINISTRATIVE INFORMATION 

The Naval Ship Systems Command (formerly Bureau of Ships) authorized and sponsored 

this work by Bureau of Ships letter 10460 Serial 732-7 of 5 Feb 1965. 

INTRODUCTION 

The Naval Ship Systems Command requested the Applied Mathematics Laboratory of 

the David Taylor Model Basin to develop a series of programs widely applicable in scope for 

static and dynamic structural analysis.  The code presented is a computerization of O'Hara's1 

techniques for shock analysis.  The program generates various forms of shock and residual 

shock spectra for the response of a structure to a transient force or foundation motion when 

the mathematical model used for the structure is a single-degree-of-freedom linear oscillator. 

The spectra are used to find the displacement of a structure caused by an arbitrarily pre- 

scribed transient motion to its base, such as response of buried structures to an underground 

blast or response of structures within a vehicle during ballistic impact.  In addition, if the 

input shock function to the program is an acceleration, the residual shock spectrum that is 
generated is also the Fourier spectrum of the system. 

The program is written in FORTRAN IV and is executed on an IBM 7090 using the 

IBSYS, Version 13, Monitor System in conjunction with a Stromberg-Carlson 4020 printer- 

plotter.   In the appendix, coding is furnished without reference to the plotter, thus making 

the program more adaptable to other FORTRAN IV compilers. 

References are listed on page 117. 



MATHEMATICAL ANALYSIS 

The mathematical model for shock analysis here is the simple linear oscillator.   The 

general differential equation for the motion in Figure 1 is 

MY + CX + KX = F{t) [1] 

where X is the relative displacement Y-Z, CX is the damping term, and KX is the restoring 

force, based on Hooke's law.  Now using standard notation, where C is less than the critical 

////////// 

Figure 1 - Linear Oscillator 

T 

damping factor, we let 

A1 

<ü 
n \J I  

= —- ,     o =  ——— ,    and p = oj v 1 - « 
2 A/u 

Substituting this into Equation [1], we obtain the following equation 

[2] 

There are two types of motion that are of interest that result from, either no applied force, 

i.e., F(£) ■ 0 and foundation motion, or no foundation motion, i.e., Z = 0 and an applied 
force.   The remainder of this section will mainly describe the first case, where F(t) = 0. 

The latter case, where Z = 0, will be dealt with only at the end.  The word shock will be 

used interchangeably with the term input function, namely, Z, Z, or F{t).   When F{t) ■ 0, 

Equation [2] becomes 



Y +2acüY + ü)2Y ~2a toZ + u2Z, 

or since Y - Z = X, 

X +2a(üX + <1>
2X = ~Z [3] 

Using Laplace transforms, we find the solution to Equation [3] to be 

e~ab)t sin pt 
X{t) = XiO) e-a<üt (cos pt +    ;  q        sin pt) + X(0) 

P 

i 

Zi<T)e-a(ü[t-T]s\np{t-T)dT [4] 

o 

whereas the derivative of Equation [4] is 

X{t) = c~a<dt ^(0) I-aw (cos pt+        *    sin pt\~ p sm pt 

pa cos »«I     ^(0)c-o<u' 
+ —; + (-a oi sin pt + p cos pt) 

y/TT^2      J P 

i  r' 
P  Jo 

[5] 

Equation [4] gives the relative response displacement of the mass to the shock Z(t) in terms 

of given initial displacements and velocities.  The solution of the differential equation is not 

useful yet, for the integral must be evaluated.  Now, if the solution were known at t =.tv 

the values of relative displacement (X) and relative velocity {X) could be considered initial 

values at tl for the solution at Ij + Al, using Equations [4] and [5] again.  A convenient 
procedure followed in the numerical solution of the differential equation consists of sub* 

dividing the time record into equal increments, each of duration At = h seconds, so the 

method of evaluating X(t) at each point will require the same equations.  Of course, the 

values of X and X at the beginning of the time record must be given to use this procedure 

for solving the differential equation, and also the input function Z must be digitized into 

equal increments.  A parabolic approximation for Z{t) between 0 and k is substituted in 



Equations [4] and [5], then the integrals are evaluated.  In addition, the approximation for 
Z(f) at any point in the time record will go through its preceding point as well as its succes- 

sive point.   If the time is subdivided into enough intervals, A, no sudden peaks of Z should 

be missed by the approximating parabola for Z. 
A useful change in notation follows:   X{ih) = X^ Z{ih) = Zf, where Zi is the (i + 1) th 

point in the time record, t = 0, 1, 2, 3, ...,*, and A + 1 is the number of points in the time 

record. 
The parabola passing through Zn_v Zn, Zn + l yields the equation 

•• •• 

Z{t) =  t2 +  —  t + Zn [6] 
2Ä2 2h 

for (n - 1) A - ^ - (n + 1) h.  A few notational changes will simplify Equation [6]:   let 

so Equation [6] becomes 

Z(t) = Zn+  +  ( -) [7] w       n       A 2      \A2       A/ 

Now, using Equation [7] in the integral in place of Z(t) in Equation [4], integrating by parts 

from 0 to A, and Finally substituting h for t in the other terms of Equation [4] lead to the final 

equation for the response at each point in the time record: 

o>Xn + 1~<oXne-
aü,h fcoBph+       a       sin ph\ 

,- OKU A 
+ .     e- sinph _JLT1_e.a<olt /cos   h + _a        sin ph\\ 

sn  r       2a ntik ,v     (l-2o2) e-a(uAsinpA-| 



Sn-l    f     4o        r    (l-4a2)       2« "I „fih 

2o}       I      cüh L        co2 h2 <uA J 

p 1 -2a2 (3 -4a2)1   e~fl'tüAsin pA 1 
+ L     WÄ       +    0      W

2Ä2    J       y/T^2        1 
[8] 

and using the same method in developing Equation [8] transforms Equation [5] into 

e-a(üh sin ph 
Xn + l--*>Xn ^ZIH  +Xne-**>h(oosph~~T£==rsuiph) 

zn    e-atohsmPh       s- r 1 „-avh 

(Ü T^Z2 -  —    — -      (cos ph + —==r sin pn ) 
(ULCJÄ CüA \ y/l -a2 ' -i 

w       ^ a>A       V
Cüä        to2h2 ' 

r2(l-2o2)        a -i e-aiüh sinph \ 

"L O>2ä2     wAJ   >/rT2   1 
[9] 

The response X is scaled by « in Equation [8], because OJX is a meaningful quantity, as 

will be explained later.  Consider a time record of Z versus time; the initial values must be 

given before Equations [8] and [9] can be used, i.e., X(tQ) and X{t0) must be known.   Wso, 

SQ for t = t0 + h is Z(tQ + A) - Z(t0), and S2_ l where n = 1, becomes Z(2A + t0) 

~2Z{h + t0) + Z{t0). 

Of more interest to the engineer is not the response (X) at each point in the time 
record for a particular frequency, but the maximum or minimum response for each frequency 

over a given range of frequencies.  Essentially, for the given range of frequencies one 

obtains the maximum response as a function of frequency.   The maximum and minimum 

response (X a) for each frequency is selected from the values o( Xo) for the complete time 

record.  The refinement of the maximum and minimum (a more accurate estimate) is achieved 

by first noting that the product of Xmax, the derivative of the chosen iVmax, and Xmax_h, 

the derivative of ^___   L, is positive if AL., reaches its true maximum between AL... and max"«'        r tnax max 

^max + A an(^ 's negatJve 'f 'he true maximum occurs between ^max and ^max_A; this is 
illustrated by the two possibilities that follow 



Here, let Xnut - X{nh), *mJlx + A = ^((n + 1)A), and Xamx_h = ^((n - 1)A) 

Possibility 1 

X{{n -l)h) • X{nh) is negative, so true maximum occurs between Xmax_h and ^maj 

i 

i3 

TRUE MAX CHOSEN MAX; X(nh) 

(n-),)h      nh       (n + l)h 

TIME 

Possibility 2 

X{{n - 1)Ä) • X(nh) is positive, so true maximum occurs between Xmmx and Amllx + A 

1 
UJ 

x 

CHOSEN MAX TRUE MAX; X(nh) 

(n-l)h      nh      (n + l)h 

TIME 



Equation [8] is used after it is determined whether the true maximum or minimum is 

within the range of ^„ax .^i Xmax o
r ^maxi ^max + A*   ^0 ia t*1611 evaluated at intervals of 

0.2 A, and the largest Xtoia the subinterval is taken as the more accurate (refined) maximum. 

The method for computing the refined minimum value of Aw is the same.   The calculation 

for Aw at a given frequency is stopped at a time which corresponds to the start of residual 

time (when the shock or impulse ceases), which is usually determined by the exnnrimenter 

from examining the plot of the input function Z(t). 

Some definitions of variables appearing in the mathematical analysis are in order at 

this point. 

X      - response displacement 

X(o   = pseudo-response velocity 

Xu2 = pseudo-response acceleration 

X      = true response velocity 

\J{X(ü)2 +X2   m residual response (in velocity units) at the end of the 

time record, i.e., at the beginning of residual time.  The residual response is computed only 

when there is no damping. 

The shock spectrum is usually the plot of maximum \X<o\ versus /, where / is 2 »raj, and 

the residual shock spectrum is a plot of y/{X(ü)2 + X2 versus /. 

When tu = 0, equations for X to and X as already presented become meaningless, even 
though X at at =0 has physical meaning.  New equations are derived from [8] and [9] by 

using L'Hospital's rule.   In Equations [8] and [9] &> is set equal to zero, and when an inde- 

tenrinant form is encountered, L'Hospital's rule is used; therefore, yielding 

Kh2   w2   h2 

Xn + i~Xn + Xnh-— r  +-  S2^ [10] 

h   e-1* 
^ + i = -2„Ä-s

n7 + -i2— tll] 

It is observed that damping does not play any role in the foregoing equations. 

An added feature of the residual shock spectrum solution is that, if the input shock 

function is an acceleration (Z), then the Fourier spectrum is identical to the residual shock 
spectrum.  The Fourier spectrum magnitude at «u is defined as (F2 + F2)1/2, where it is found 
that 

l 

Fc = — A a) sin (üt - X cos <u t 



and 

Fs = X(0 cos at - X sin tut 

By substitution, (Fc
2 + F*)xn becomes [(^<u)2 + Ä2]1/2, which is the residual shock spec- 

trum magnitude for a.   The Fourier spectrum is not necessarily equivalent to the residual 

shock spectrum when the input shock spectrum is Z.   A thorough discussion of Fourier spec- 

tra can be found in Reference 1.   The author is presently finishing a program dealing with 

Fourier spectra such as computing the Fourier spectrum magnitude, the phase angle, the 

Fourier cosine transform, and the Fourier sine transform, so a detailed description of Fourier 

spectra will be contained in a subsequent report from the Applied Mathematics Laboratory at 

the David Taylor Model Basin. 

Until now the input shock function was assumed to be Z (foundation acceleration), so 

the necessary equations for an input function which is the foundation velocity (Z) will now 

be considered. 

S„ = 2n + 1-2n 

where Z is replaced by Z. 

^ + l" = ^-*-0&,', (cos vh +    . sin ph\ + r=. 
yßTT2 ' JT- 

Xn e-a<ühsmph 

a2 

- --    l.e-awh (cosph*       g        sinph)\ 

Sn-i  ( 1       2o «^AP/
1

       2a \ 
 —- {  +e   a<üh\{— *   jcospÄ 

coh     [2       o>h LV2       ah /        r 

.(lz^l.z.\^Li\ [18] 



Xn + i'-Xn**-™"  m^-*   '■-*(*h -P^r + Xne-*<*h (cos ph ~ -=2= sin Ph\ 

Sn     ^-"«"^sinpÄ      Sn-i |   1 _0<i)A   rcos ph 

Equation [13] is obtained from Equation [4] by first integrating by parts, secondly, substituting 

[12] for Z{t) in the new integral, integrating again by parts, and finally substituting A for t 

in the other terms of Equation [4].   Equation [14] is obtained in a similar manner, using 

Equation [5] in place of Equation [4].  When co equals 0, 

M     S„2A • n n 
X_ . , = X„ + X„ h -       ■  + ^— n + 1 n        n 2 12 

and 

n+1 n        n 

The rest of the calculations using Z are the same as those using Z, except that for 

the Z input, the residual shock spectrum is not necessarily identical to the Fourier spectrum. 

Finally, to solve a problem where there is no foundation motion but an applied force 
F(t), we must solve the differential equation. 

Fit) 
X + 2a aX + <ü2X~ -— [15] 

U 

Equations [15] and [3] are the same except for their right-hand members, so if the input func- 
Flt} 

tion is an applied force, viz., F(«), then, since Z(t) = — , all of the F's are scaled by 
U 

1 
- — and the input function is treated as if it were Z{t).  The output would correctly be the 

M 
response to F{t). 



OUTLINE OF THE PROGRAM 

The Roman numeral headings below correspond to the comment cards in the program 

listing.   Tables 1 and 2 and the flow charts in the following section should aid in under- 
standing the ensuing outline.   In addition, D is used to denote an alphabetic 0 in FORTRAN. 

The Roman numeral above any figure in the flow chart corresponds to a numeral in the fol- 

lowing description. 

I.    Input 

Data is read, such as the forcing function (Z or Z), output options, and other constants. 

/P3 (four-coordinate grid option) is checked for zero, if not zero, /PI and IP2 (other 

plots) are deleted even if they are requested. 

II.    Write and Plot Input Data 

The time T corresponding to each Z is generated by use of the time interval H. 

Each Z and corresponding T are written.  From statements 110 to 123, Z versus T is 

plotted. 

III. Compute S(N) and S2ND(N) for Each Time T 

Each S and S2ND are computed. 

A frequency card is read, i.e., FREQl, FREQ2, DELTAF, then if FREQ1 - FREQ2, 

the blank card was read, indicating the run is finished.  If FREQl t FREQ2 the program 
continues. 

The number of frequencies is computed from the card just read, i.e., N0FREQ - 

{FREQ2 - FREQl)/DELTAF. 

IV. Damped or Undamped; if Undamped, Find Number of Residual Points 

The large D0-loop, which is indexed for each alpha, is executed. 

I ALPHA is set equal to one if no damping is present (a > 0), or set equal to two if 

there is damping (a ^ 0). If no damping is present, the start of residual time is computed, 
viz., T{KH). 

V.  Compute Constants 

Many mathematical expressions used repeatedly in the program are computed. 

IFREQ is set equal to one if the frequency is zero or is set equal to two if the 
frequency is not zero. 

Finally, there is a major branch in the program, depending on whether (1) Z = Z and 

frequency - 0, (2) Z - Z and frequency ^ 0, (3) Z « Z and frequency « 0, and (4) Z - 2 and 

frequency ^ 0. Of the four possibilities just mentioned only possibility 2 will be assumed 
in the rest of the discussion. 

10 



VI.    CompuU) X0MEGA (N), XD0T For Velocity Input 

More constants and mathematical expressions are evaluated.   N XOMEGA's and 

XDOT'a are computed in a DO-loop ending at statement 210. 

Then there is transfer to preliminary calculations. 

VII.    Preliminary Calculations for Minimum and Maximum Response 

Maximum and minimum XOMEGA's are determined; then control is transfered to 

statement 225. 

Statements 225 to 235 contain the refinement calculations for maximum and minimum 

X  CrJ. 

Then from statements 211 to 215 the different output features, which are selected in 

the input, are executed. 

VIII.    Either Restart With New Frequency or Restart With New Alpha or Stop 

FREQ and FREQ2 are compared; if equal, the end of the alpha D0-loop is reached- 

statement 800-and either the entire calculation is restarted for a new alpha, or the next 

frequency card is read. 

If FREQ 4 FREQ2, then FREQ is incremented by DELTAF, and the calculations for 

X0MEGA, XD0T, etc. are repeated. 

11 



TABLE 1 

Glossary of Important FORTRAN Variables (Excluding Input Variables) 

Variable Math Symbol and/or Explanation                                | 

|                                                        Dimensioned                                                            | 

1       S S,., first forward difference where S,- m Zi+1 - Z,.. 

S2ND S^2, second forward difference where S? ■ Zi+ l - 2Zi + 2j_l.      | 

X0MEGA X(ü (and X when &> ■ 0) response displacement times natural 
frequency. 

1       X X, response displacement, used for plotting in /PI, also used for 
plotting-w2^ in/P2.                                                                       j 

\   XD0T X, response velocity.                                                                        1 

0SCIL F, frequency.                                                                                      j 

1     VEL 

\   RESID 

Maximum absolute value of A w for each tu.                                       j 

sJ(Xto)2 + ^2, at the start of residual time.                                      | 

|                                                      Undimensioned 

Al lO*'     , which is the value of the first A-\\ne drawn on the four-    1 
coordinate graph (lower left-hand corner). 

Dl 1QL®P, which is the value of the first ZMine drawn on the four- 
coordinate graph (upper left-hand corner). 

1     IER Number of points out of range when plotting response {X) versus 
time in /PI.                                                                                        ! 

IERA Number of points out of range when plotting response velocity 
{X) versus time in /Pi. 

IERB Number of points out of range when plotting -Xoi2 versus time 
in/P2.                                                                                                | 

|    IERR Number of points out of range when plotting the input function Z. 

12 
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INPUT 

The input is read into the computer mostly in the form of FORTRAN NAMELISTS; 

consequently, the format for the data is not very restrictive.  The data are usually on 

punched cards.   If the shock function Z is available on an analog tape, a conversion to 

digitized tape or to cards must be accomplished before the program can be used.   Of course, 

the NAMELISTS can be replaced by regular format statements, which would be mandatory if 

the program was converted to FORTRAN II. 

See Table 2 for the list of input variables with an explanation of each variable. 

ZAZA1 to ZAZAi are NAMELIST names, each containing one or more variables.   (See any 

IBM FORTRAN IV manual for an explanation of NAMELISTS.) The data cards are arranged 

as follows:   BDATA card first, then SZAZA1 data, !SZAZA2 data, SZAZAS data, SZAZAi 

data, frequency cards, and finally the system cards:   END 0F FILE, glBSYS, SRESTORE, 

and END 0F FILE. 

There is no limit to the number of frequency ranges that can be handled, at one card 

per range.   The last card must be a blank card.   The frequency cards are read under format 

statement 920, viz., 3F20.8, so the decimal point of the first number FREQl is in column 12, 

that of the second number FREQ2 in column 32, and that of the last number DEL TAF in 

column 52.   FREQl must not equal FREQ2; therefore, the first number on the frequency card 

must be less than the second number.   The number of frequencies, {FREQ2 - FREQl) -f- 

DELTAF, must not exceed the storage capacity of the variable 0SCIL when using IPS, which 

is now dimensioned for 1000 words. 

If /PI to /P5 are set equal to zero, the only output that will result is a plot of the 

input function, a tabulation of the input function, and a tabulation of Si and S?. 

If the shock function Z is not on cards, but generated from a formula inserted into the 

program, then the READ (5, ZAZAl) statement must be deleted from the program. 

The physical units for most of the quantities used in this program are assumed 

consistent.   The units for the input quantities determine the units for the output values ex- 

cept where specified; for example, the input frequencies should be in cycles per second. 

15 



TABLE 2 

Input Variables 

FORTRAN 
Name Comment 

!     % Shock function which is dimensioned, either acceleration or velocity. 

\     T Initial time, really 1(1), and is usually zero. 

\       TZER0 Storting time of residual shock, i.e., end of transient. 

i     H Time increment into which record is subdivided. 

|           XO Response displacement at time T, usually zero.                                        j 

\            N Number of points, i.e., number of Z's, must not exceed the dimen-           j 
sioned value for Z in the DIMENSION statement.                                       | 

i       XD0T0 Response velocity at time T, usually zero. 

j          ISZ If ISZ " 0, then Z - Z\ if ISZ t 0, then Z - 2'. 

i   ,pi Output Option 1, if IPX - 0, ignored; if IPl A 0, plots of response 
displacement versus time and response velocity versus time are 
generated for each frequency and each alpha. 

I          IP2 Output Option 2, if IP2 - 0, ignored; if /P2 ^ 0, a plot of negative 
pseudo-response acceleration versus time is generated for each 
frequency and each alpha. 

|          lPS Output Option 3, if IPS - 0, ignored; if IPS ^ 0, a four-coordinate, 
log-log graph is produced for each range of frequencies submitted, 
as well as for each alpha, consisting of response displacement 
versus frequency, pseudo-response velocity versus frequency, 
pseudo-response acceleration versus frequency, and, if no damping 
(alpha ■ 0), residual response velocity versus frequency.  If IPS is         j 
used, i.e., IPS t 0, the program will inhibit IPl and /P2. 

IP* Output Option 4 is ignored if IPi - 0; if IPi t 0, tabulation of 
results is generated (see output for explanation). 

|           IP5 Output Option 5 is ignored, if IPS - 0; if IP5 A 0, tabulation of 
results, more extensive than IPi, is generated (see output for 
explanation). 

I       ALPHA Damping coefficient, which is dimensioned. 

|      NALPHA Number of damping coefficients submitted and must not be greater 
than the dimension of ALPHA in the DIMENSION statement.                    j 

|       FREQ1 Initial frequency in cycles per second. 

FREQ2       \ Last frequency in cycles per second. 

j      DELTAF Frequency increment in cycles per second.                                               j 

16 



OUTPUT 

The output from the program is composed of a plot and tabulation of the input shock 

function, a printout of each Sk and s£, and the input options.  If the printed Sk and S* are 

not desired, the statement immediately following statement 200 in the program should be 

removed. 
See Figures 3 and 8 for an example graph of an input function and Sample Problems 1 

and 2 for the tabulation of all points plotted for the input functions. Sample Problems 1 and 

2 (Appendixes A and B) also include sample printouts of Sk and Sk. 

Figures 9, 10, 12, and 13 are examples of /PI, which is a plot of X versus time and 

X versus time for each frequency and each alpha (damping coefficient). 
/P2, illustrated in Figures 11 and 14, is a plot of -co2X versus time for each frequency 

and each alpha.   The quantity -m2 X is equivalent to the absolute acceleration, Y, when Z = 0. 
/P3, illustrated in Figures 4-6 and 15-18, is a four-coordinate, log-log grid which is 

a plot of velocity (ordinate) versus frequency (abscissa), with acceleration lines having 

negative slope and velocity lines having positive slope superimposed on an originally two- 

coordinate grid.   The value of the A lines increases logarithmically from left to right, and 

the line labeled A in the lower left corner of the grid corresponds to the value for A printed 

in the lower right margin.  The value of the D lines decreases downward logarithmically, and 

the line labeled D in the upper left corner of the grid corresponds to the value for D printed 

in the lower right margin.  The shock spectrum is the starred plot (Xco versus /), and the 

residual shock spectrum (v(^<u)2 + X2 versus /), plotted only when a - 0, is the plot of 

zero points.  One complete four-coordinate graph is generated for each frequency range and 

damping coefficient a .  Hence, for any given frequency within the plotted range, one could 

read from ehe starred curve the pseudo-acceleration A, the pseudo-velocity, and the displace- 

ment D; one could also read from the zero curve, provided there is no damping, the residual 

shock spectrum magnitude. 

/P4 (Short Form) is, for each frequency range and damping coefficient, a tabulation of 

frequency, the maximum value between the pseudo-velocity {X <o) and the residual response 

{\/{X (o)2 + X2), and, if no damping is present, the residual response. 

/P5 (Long Form) is, for each frequency range and damping coefficient, a tabulation of 

frequency, maximum positive pseudo-velocity, minimum negative pseudo-velocity, and, if no 

damping is present, the residual response.  See the sample problems for examples of /P4 and 

/P5 (Short and Long Forms). 

One method for utilizing the various graphical outputs is first to generate the log-log 

grid (shock spectrum) from /P3, then select from the shock spectrum the important frequencies. 

Next, these frequencies are used as input in running the program a second time for /PI and/or 

/P2 to produce response versus time plots for each desired frequency. 
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OPERATING INSTRUCTIONS 

The subroutines required are from the IBM 7090 plotting package written by North 

American Aviation for the Stromberg-Carlson 4020 (charactron plotter-printer).  If the 

S-C 4020 is not available to the user, the alternate deck is used, in which no S-C 4020 

subroutines are called, and there are only two output options, I Pi and IP5 (see Appendix C). 

No input tapes, except for unit 5, are required; the program is run under IBSYS version 

13.   Three output tapes are needed for the program, one tape for the S-C 4020, if used; logical 

tape unit 6; and logical tape unit 8.  IPi is written on unit 8, and IP5 is'written on unit 6. 

An approximation of the running time of the program, using the input setup from 

Sample Problem 1 (see Figure 2), is about 7 minutes, including compiling time.  The running 

time for the program is increased considerably if more than just a few frequencies are used 
with /PI and /P2. 

Most of the memory is used (32/0; see the dimension statement of the program-listing 
for the array sizes which influence the amount of memory needed. 
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SAMPLE PROBLEM 1 
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and 

All the Various Forms of Output That Can Be 

Generated Except IPl and IP2 
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SAMPLE PROBLEM 1 

The input shock function is a foundation acceleration, Z = 100 [e~12 9t sin 200 nt 

+ e~20St sin 600 nt], which is generated in the program for each desired point.  The follow- 

ing cards are inserted at the beginning of the program to generate the Z's. 

102 2(l)=100 *(EXP(-129. ♦T(l))»SIN(TIZ)+EXP(-208.n{l)f SIN(3.*TI2)) 

r 
\ 

TIZ=2     *PI*100*T(I) 
ii i       en 

r DO 102 l=l,N 

i  ;  j 

111 

222 

333 

444 

Hi 

Hi 

7)7 

338 
i 
399 

UOOOOOJ   0 
< ! i ■ I i ic ■• c 

111111 11 

22222222 

333333133 

444 44444 

555555555 

5866 6666 

7777777J7 

183883889 

0000 00 0 0 00000000000000000000000000000000009000000 00000000 
a • s -« ITtiaMII ;::].■<a»;;n»io i' J.-UM narnuutiiMiou«» U<«HMI «SIüs;«rSI»st«I KyM««SJins t 

in   11 n n 11 n n n 1111111 n 111111 M 111 i n n n 11111 

222222222 222222222222222222222222222 2 2 222222222 

33 3 333333333333133333333313333333333333333333 

44444444444444444444444444444444444444444444444 

55 555 55 5 5555555555 5 555555555555555555 5 5 5555555 

6666666SS66666668666666666666666666666S66666668 

7777777 7 7 7777777777 7777777777777777777777777777 

ü i its liimimmiiimiaiiiiiiaiisiiiiim 

111111 

2222 

3333 

4444 

!SSS 

S666 

7777 

iili 

9J99 99999999 9 9   9 9 9 9 9 9 9 9 9 9 9 9 3 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 3 9 9 3 9 9 9 9 9 9 9 9 9 
> 1 i 'linn : s-i 'Vi •- » «ton !::3!in:i;i;!;!JC:i J!ijj«i5j«:rjimcni«o«4smiii«5as' 52'js«s5Kiiu5t«BC044i5muiHit n 

000000 
•:;: TI u ii - 

111111 

2222 

3333 

4444 

5555 

6666 

7777 

llil 

9999 
i» s n nil n 

See Figure 2 for the arrangement of the input data. 
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f    ^RESTORE 

END PF FILE (SYSTEM CARD) 

\ 

(SYSTEM CARD) 

S~      »IBSYS (SYSTEM CARD) 

<" END 0F FILE (SYSTEM CARD) 

(BLANK CARD) 

100. (FREQUENCY CARD) 

1000. (FREQUENCY CARD) 

<■       JZAZA4     ALPHA(1)=0.        NALPHA = 1| (3 RO NAMELIST) 

/^       IZAZA3   IP1 = 0, IP2=1. IP3=1, IP4-1, IP5-I» (2ND NAMELIST) 

r H = .3000E-04, X0=O,   N = 1200, XOOT 0 = 0, ISZ = 1| 

^        IZAZA2 T(l) = 0, TZERO = .03, (1ST NAMELIST) 

f IDATA (SYSTEM CARD) 

iiijoiioaioataio 

n j, 111 n 11111 

1} 311133131)3 

4 IM444MM4M 

StSSItSltlSttSI 

tt(ltltt((tS((( 

'iiiiiiiiiiiiii 

JJJJ9MSJJM9J3 

min 
inn 

7323? 

J1333 

44444 

55S55 

111(1 

»7773 

HIM 

inn 

nnonnnieonniiiiMoiiiiiiniitanii 

1111 n n n n n n n n i n 11 n 1111 n n n n n 

27333373332337373J? 

3333333333333333333 

4444444444444444444 

smnnmmmn 
11111111«41 n 11 (11 e 

77777»J7J7»7n77777 

lillllllllilMMlia 

7323 3 32J23333337333232 

3331131133333333331133 

4444444444444444444444 

snsnnnssnnsnns 

(ttttt(tttnsi(iiii((i 

777»7777777»77777»7777 

ii 1111111 ii 111 u i ni M 

nnnnnnnnnnn 

linn 
n rf n H n ■ 

nnii 

332333 

3)3133 

444444 

ItllSt 

ItlKC 

777777 

HUM 

nnn innnnnnntnn 
i > i > i • i • iwmt n» mumimji jiiiMni«ni»»«M)i iniMnHii«nMiiiiii<in«t'M«MS<Mt>«»M»»««<uiiiiM«nii«n«niiiiNniin 

Figure 2 - Arrangement of Input Data for Sample Problem 1 

NOTE:  NAMELIST 9ZAZA1 is omitted because the Z^'s are generated within the program. 
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 

06/10 
SNERO       -  EFN   SOURCE STATEMENT  -  IFN(S)  - 

DIMENSION Z(2000 ).T( 2000>.S(20O0>.S2NO(2000).XOMEGA(2000 ItX(2000). 
1X00T(2000).ALPHA(25 ).OSCIL(10C0) .VEL(1000).RESIO(1000) 
EQUIVALENCE (RES 10. X( 1 ) ) .(VEL.X(1001)) 
NAMELIST/ZAZA1/2/ZAZA2/T.TZERC. H.      XO.N. 
1XDOT0.ISZ/ZAZA3/IP1.IP2.IP3.IPA.IP5/ZAZA4/ALPHA.NALPHA 
liRtTE(6.900) 
PI>3.141S927 
RE«0(5.ZAZA2) 
REA0(5.ZAZA3) 
REA0(5.ZAZA4) 
IF(IP3)50.S1.S0 

50 IPt-0 
IP2*0 

51 CONTINUE 
C 
C—— WRITE AND PLOT INPUT DATA  

00 100 1=2.N 
100 T(I)sT( I-n+H 

00 102 1*1.N 
TIZ=2.»PIM00.»T( I) 

102 Z(I)«10C.«(EXP(-129.*T(I))»SIN(TIZ)«-EXP(-208.*T(I))*SIN(3.»TIZ)) 
IF(ISZ)104.105.104 

104 HRITE(6.901) 
CO TO 106 

105 MRITE(6.902) 
106 CONTINUE 

MRITE(6.903) (Z(I).T(I).Isl.N) 
ZMIN*ZI1) 
ZMAX«Z(1) 
00 110 1*2.N 
IF(ZMAX-Z(I))10e.l09.109 

108 ZMAXaZII) 
CO TO 110 

109 IF(ZM|N-Z(I))tl0.110.107 
107 ZNIN»2tI) 
110 CONTINUE 

CALL   CAMRAV(35) 
ZNaN 
CXaH«ZN/10« 
0V>(ZMAX-ZM|N)/10. 
CALL   GRI01V(1.T(1).T(N).ZMIN.ZMAX.0X.0Y.1.1.1.1.6.6) 
CALL   APLOTV(N.T.Z.I.1.1.42.IERR) 
IFdERRUlS.lie.ltS 

119 HRITE(6.904)    IERR 
116   CONTINUE 

NN-N-l 
00   120   1*1.NN 
CALL   LINEV(NXV(T( I) ).NVV(Z(I)).NXV(T(I^l)).NVV(Z(t«l))) 

120 CONTINUE 
CALL PRINTV(-15.15HTIME IN SECONDS.452.6) 
IF(ISZ)121.122.121 

121 CALL APRNTV(0.-14.-23,23HFOUNDAT10N ACCELERATION.4.696) 
CO TO 123 

122 CALL APRNTV(0.-k4.-19.l9HFOONOATION VELOCITY.4.664) 
123 CONTINUE 



PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued) 

06/10/< 
SNERO -      EFN SOURCE   STATEMENT     -       IFN(SI 

C 
C— COMPUTE S<N) AND S2NO(N) FOR EACH TIME.T  

S(l)>Z(2)-Z(t) 
SIN0(l)«Zf3)-l«*Z(8l*Z(t) 
K«N-1 

DO 200 1*2.K 
si i)*z(i>n-z( n 

200 S2ND(I) = Z( I«n-2.*Z(I)«Z(I-1) 
WRITE(6i917| (IiS(I)tS2N0<I)tI>1.N) 

C 
190 REAO(S<920) FREO1.FREQ2tOELTAF 

IF(ABS(FREQl-FRbQ2)-.lE-20) 801.601.191 
191 CONTINUE 

IF( IP3)192.195*192 
192 TEMP>FRE02-FREQ1 

IF(AMOO(TEMP,OELTAF»-DELTAF/2.>193.194.194 
193 NOFREQsTEMP/OELTAF 

GO TO 195 
194 NOFREQaTEMP/OELTAF«'1*0001 
195 CONTINUE 

C~ DAMPED   OR   UNDAMPED«IF   UNDAMPED   FIND   NUMBER   OF   RESIDUAL   POINTS  
DO   600    IX'l.NALPHA 
NINsI 
INI«0 
FREQ>FREQ1 
IF(ABStALPHAtIX))-*1E-09)201•201*202 

201 I ALPHA«1 
CO TO 222 

202 IALPHA=2 
222 GO TO (203*207).I ALPHA 
203 TT»TZER0-T<1) 

IF(AM00(TT.HI-H/2.)20S.204.2C4 
204 KH>TT/H«1.000001 

GO TO 207 
205 KHaTT/H'».000001 
207 CONTINUE 

C 
C————COMPUTE CONSTANTS  

0MECAaFREO*2*«PI 
HACCAL«SORT ( 1 .-ALPHA (-1 X »••2 » 
OHaOMEGA*H 
P«OMEGA«RAOCAL 
EX>EXP(-ALPHA(IX)*OH> 
COSPH«COSIP*H) 
SINPH-SIN(P«H> 
A20H«2.«ALPHA!IX »/OH 
RECOHsl./OH 
ALPHA2=ALPHA(IX)••2 

X12«1»-2.«ALPHA2 
FACT1>EX»SINPH/RA0CAL 
FACT2«EX»C0SPH*FACT1»ALPHA(IX) 
IF(ABS(FREO)-.lE-20»220*220.221 

220 IFREO-1 
GO TO 223 

221 IFREO«2 
813 IF(ISZ)300*20e*300 
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued) 

06/10 
SNERO      -  EFN   SOURCE STATEMENT  -  IFN(S)  - 

208 GO TO (400i209)«IFREQ 
209 CONTINUE 

C 
C——«COMPUTEXOMEGAlNiiXDOT FOR VELOCITY INPUT ——— 

GO T0(224,225».NIN 
224 XOMEGAIll«OMEGA«XO 

FACT3«RECOH«(l.-FACT2) 
FACT4»ReC0H»(.5-2.«ALPHAtIX>»RECOH*ex»((.5*2.«ALPHA«IX)»REC0H> 

1»COSPH-(X 124REC0H-ALPHA(IX)/2.)«SINPH/RAOCAL)) 
FACT5»EX»COSPM-ALPHA(IX)*FACT| 
FACT6«REC0H«FACT1 
FACT7a(RECOh««2)*(l.-CX*(COSPH«(ALPHA! I X I♦OH/2.)»SINPH/RADCAD) 
X00T(1)«XD0T0 
00 210 1=2.N 
X0MEGA(I)sXOMEGA(I-l>«FACT2«X00T(1-1)»FACT1-S(1-1)•FACT3-S2N0(1-1) 
1«FACT4 

210 XO0T(I)s-XOMEGA(I-l)*FACTl«XDOT(I-l)*FACT5-S(l-l)*FACT6-S2No(I-l)* 
1FACT7 

GO TO 756 
225 CONTINUE 

KROsKMX+KOOK 
KRAsKfN^KICK 
00 235 1*2.5 
WA«I-l 
TA>VA«.2«H 
C0SPT«C0S(P*TA) 
S|NPT«SIN(P«TA) 
EXT>EXP(-ALPHA(IX)*aMEGA4TA) 
FACTRl«EXT*(COSpT«ALPHA(IX)«SINPT/RAOCAL) 
FACTR2>EXT«SINPT/RAOCAL 
FACTR3«(l.-FACTHl)*RECOH 
FACTH4»(TA/H-.S-A20H*(ALPHA(IX»/2.-X12»RECOH)*FACTR2*(.5*A20H> 
I«EXTOCOSPT »«RECOH 
XMAXO   =XOMEGA(KHO)»FACTRl*XOOT(KRO)»FACTR2-S(KROJ*FACTR3 
l-52N0(KRO)4FACTR4 
IF(XMAX-XMAXO   )229.230.230 

229 XMAX«XMAXO 
230 XMINO   -xaMEGA(KRA>*FACTRl«XOOT(KRA)»FACTR2-S(KRA)*FACTR3 

1-S2NC(KRA)»FACTR4 
IF(XMIN-XMIN0 »235.235.232 

232 XMIN>XMINO 
235 CONTINUE 

NIN«1 
211 IF(IP1)500.212.S00 
212 IF(IP2)5S0*213.S50 
213 IF(IP3)600.214.e00 
214 IF(IP4)6S0.215.e50 

c 
c 

215 IF(IP5)7OO.705.7OO 

•CCMPUTE XOMEGA(N). 
300 CONTINUE 

XDOTINI.   FOR   ACCELRATION   INPUT- 

GO   T0(350.305).IFREQ 
305   CONTINUE 

ECOS1«1.-EX«COSPH 
0FACT3«( l.-FACT2)/OMEGA 
CFACT4«(1.-A20H«ECOS1-X 12»FAC Tl«RECOH)/OMEGA 
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued) 

06/10/ 
SNERD      -  EFN   SOURCE STATEMENT  -  IFN(S)  - 

GO TO(30a.325>.NlN 
306 X0ME6A(I)«0MEGABX0 

0FACT5>(-4**ALPhA(|X)-(2.«(1.-4 .•ALPHA2I/OH-2.«ALPHA!I X)>»ECOSU 
l<Xl2*2.»*LPt-A(tX)«(3.-4.«ALPHA2)/0H)«FACTI)«REC0H/|2.*aMEGA) 
0FACT6«(t*-ECOSl)-FACTl*ALPHA(IX) 
CFACTTaFACTl/OMEGA 
0PACT8>(t*-FACT2)«RECOH/OMEGA 
CFACT9>(2«-(l*«4.«AUPHA(tX)«RECQH)*EC0Sl-(2.*Xt2»RECOH-ALPHA(IX)) 
1«F ACT 1)«RECOH/(2•«OMEGA) 
XDOT(l)>XOOTO 
DO 310 l=2tN 
XOMEGA(n = XOMEGA(1-1)•FACT2>XOOT(1-1)*FACTl-2(1-1 I•0FACT3-S(I-11 

1*0FACT4-S2N0( I-l>«OFACTS 
310 X00T(l)'-X0MEGA(I-ll«FACTl«X00T(|-ll»0FACT6-Z(I-t)»0FACT7 

1      -S(1-1)*OFACT8-S2ND(1-1>«DFACT9 
GO TO 756 

328 CONTINUE 
KROsKMX^KOOK 
KRAsKMNtKICK 
Ht«H*«l 
00 335 1=2.5 
WA«I-1 
TAsVA«*2«H 
COSPT«COS(P«TA) 
SINPT«SIN(P«TA> 
EXT«EXP(-ALPHA(IX)*OMEGA*TA I 
FACTRlsEXT«(COSPT«ALPHA(IXl*SlNPT/RAOCAL) 
FACTR2>EXT*SINPT/RA0CAL 
FACTR3s(l.-FACTRll/0MEGA 
FACTR4>(TA/H-A20H«(1.-EXT'COSPT )-X12*FACTR2*REC0H)/0MEGA 
FACTR6«(TA«B2/H2-TA/H-(2.«<1.-4.4ALPHA2I•REC0H**2-A20H)• 

l( I.-exT»COSPT»»(Xl2»ReC0H*2.»ALPHAUX»»(3.-4.•ALPHA2)»REC0M»»2J 
2«FACTR2)/(2.«OMkGA} 
XMAXQsXOMEGA ( KRO)»FACTR1♦XOOT(KRO >•FACTR2-Z(KRO)»FACTR3 
1-S(KR0)*FACTR4-S2N0(KR0)*FACTR9 
IF(XMAX-XMAXO   »329.330.330 

329 XMAXsXMAXO 
330 XMIN0«X0MEGA(KRA)«FACTRl»XOOT(KRAI«FACTR2-Z(KRA)«FACTR3 

1-S(KRAI«FACTR4-S2N0(KRAI»FACTRS 
IFIXMIN-XFINO   )33S.33S.332 

332 XM|N«XMIN0 
33S CONTINUE 

NIN>1 
GO TO 211 

C 
C— FREQl'ZERO   FOR   FOUNDATION   ACCELERATION ~ 

3S0   GO   TQ(3S2«36S)tNIN 
398   XOMEGAdlaXO 

XOOTdl'XOOTO 
H2«H«*2 
00   360   I»2.N 
X0MEGA(l)>X0MEGA(I-l)*H»XDOT(I-l)-Z(l-l)*H2/2.-S(l-l)*H2/6.* 

lS2N0(I-l»*H2/24. 
360   X00T(|»«-ZtI-1)«H.SCI-1I»H/2.*S2N0(|-1)*H/12. 

60   TO  796 
369  CONTINUE 
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520 
521 
922 
923 
924 
525 
926 
930 

93t 
932 

PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued) 

06/10 
SNERO      -  EPN   SOURCE STATEMENT  .  IFNtSI  - 

NIN>1 
GO TO 211 

C 
C—-—COMPUTE X« XOOT FOR OMEGAsZERO --VELOCITY INPUT 

400 GO TO(402.429)>NIN 
402 XOMEGA(n«XC 

X00T(l)sX00T0 
00 410 1=2,N 
XOMEGAtI)>X0ME6A(I-l)«XOOT(I-1 ) «H-Sd-1)*H«.9«S2NO(1-1 I•H/12* 

410 XOOT(I)«XOOT(t-l)-S(l-l) 
CO TO 756 

425 CONTINUE 
WIM« I 
GO TO 211 

C 
C— PLOT X VS. T AND XOOT VS. T  

500 GO TO(905.910).IPREQ 
909 00 906 1=1,N 
906 XmsXOMEGAdl 

GO TO 518 
910 00 519 I*liN 
919 X(I)*XOMEGA(n/OMEGA 
918  XMX>X(1) 

XOMX-XOOTI1) 
XMN>X(1} 
XOMNBXOOT(I) 

00 930 1=2.N 
IF(xm-XMX )921.921.920 
XMX=X(1) 
IP(X(II-XMN )S22.923.923 
XMNaXII) 
IF(XD0T(M-XOMX »525.525.524 
XOMX«XOOT(I) 
IF(X0OT(I)-X0MN )926.930.930 
XCMN«X00T(I) 

CONTINUE 
OV>(XMX -XMN }/lH 
CALL   GRIOlVtl.T(l».T<N»,XMN,    XMx.   OX,OY.4.4.4.4.6.6 I 
CALL   APLOTV(N.T.X.I.1,1,42,IER> 
IF(IER>S31.632.S31 
l*RITE(6.9t3)    IER.FREQ 
NKBN-1 

00   939   I«1.NN 
CALL   LINEV(NXV(T(I>),NYV(X(I)>.NXVIT(I+1)).NYV(X(I+l))> 

939   CONTINUE 
CALL   PRINTV(-19.19HTIMC   IN   SECONDS.452,6) 
CALL   PRINTV(-23.23HFREQ> CYCLES/SEC.«20.3) 
CALL   LAaLV(FRE0.60.3.6«1.4) 
CALL   PRINTVl-e.BHALPHA»       .20.IT) 
CALL  LABLV(ALPHA( IX).72«17.6«l*n 
CALL   APRNTV(0.-14.-I1.1IHX      RESPONSE.4.600) 
OY»(XOMX   -XOMN    )/2N 
CALL   GRI01V(1.T(I).T(N).XOMN.   XOMX.   0X.0Y.4.4.4.4.6.6) 
CALL   APLOTV   (N.T.XOOT«    1«1«1•42.IERA) 
IFdERA)   532.939.938 

930   HRITE(6.914)    iERA.FREO 
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued) 

06/10/ 
SNERO      -  EFN   SOURCE STATEMENT  -  IFN(S)  - 

539 00 S«0 1*1.NN 
CALL LlNEVlNXV(T(I)).NYV(XDOT(n».NXV<Ttl*l»»,NYV(XDQT< 1*1))) 

540 CONTINUE 
CALL PRINTV(-1S.1SHTIME IN SECONOS.ASZ«6) 
CALL PRINTV(-23.23HPRE0«       CVCLES/SEC..20.3) 
CALL LABLVIFREQ.60.3.6.1.4) 
CALL PRINTV(-8.8HALPHA«  .20.17) 
CALL LABLV(ALPHA(IX).72.17.6.1.1) 
CALL APRNTV(0.-14.-22.22HVELOCITV RESPONSE XOQT.A.eSS) 
GO TO 212 

C 
C PLOT Y( ACCELERATION) VS. TIME  

550 CONTINUE 
GO T0(2I3.S51).IFREQ 

551 CONTINUE 
560 00 562 I«1.N 
562 X(I)a-XOMEGA(I)«OMEGA 

XMX«X(1) 
XMN«X(1) 

00 566 1*2.N 
IFCXMX -X(I ))S63,564.564 

563 XMX>X(I) 
564 IFIXMN •X(I))S6e.S66.S6S 
565 XMN«X(I) 
566 CONTINUE 

OValXMX -XMN )/ZN 
CALL GRI01VC1.T(1).T(N)»XMN. XMX, OX.Ov.4,4,4.4.6.6) 
CALL APLOTVIN.T.X.I.1.1.42.IERB) 
IF(lERe)S70.571.S70 

570 MRITE(6.«t9)    IERB.FREO 
571 NN«N-t 

DO   575   I»UNN 
CALL LINEV|NXVIT(I)).NVV(X<I)).NXV(T(IM)).NVV(xmi))) 

575 CONTINUE 
CALL PRINTVt-lS.lSHTIME IN SECONDS.452.6) 
CALL PRINTVI-23.23HFREQ«       CVCLES/SEC..20.3) 
CALL LAeLV(FRE0.60.3.6*1.4) 
CALL PRINTVI-e.CHALPHA«  .20.17) 
CALL LA8LV|ALPHA(IX).72.17.6.1.1) 
CALL   APRNTV(0.-14.-26.26HAeSOLUTE  OR   V   ACCELERATION.4.720) 
GO   TO   214 

C 
C 
C —•— POUR  CC0RD1NATE   GRID  

600 CONTINUE 
INUmNl 
OSCILCINI)«FREO 
VEL(IN|)aAMAXl(A8S(XMAX).ABS(XMINI) 
GO   TO   (601*602)tIALPHA 

601 RESID(INI)BS0RTIX0MEGA(KH)««2*XDOTCKH)**2) 
IFlREStOdNI)-. lE-t«)604.604.e02 

602 IF(FREQ-.1E-19)604.604.603 
603 IFIVELtINI )-.lE-19)604.604.605 
604 N0FRE0«N0FRE0-t 

INI«INI-1 
605 IF(ABS(FREQ-FREQ2)-.1E-09)606.606.214 
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued) 

06/l( 
SNERO      -  EFN   SOURCE STATEMENT  -  1FN(S)  - 

606 CONTINUE 
CALL SMXYV(l.l) 
FROSMLaQSCILtl) 
VELSML-VELd) 
RESSMUsRESIOd) 
00  616   I«2*N0FRE0 
IF(OSCIL( I )-FR0SML)611.ei2*612 

611 FRQSMU>0SCIL(t) 
612 IF(VEL(l)-VELSML)613i614.614 
613 VEUSMLsVELCl) 
614 |F(HES10(I)-RESSML>61S.«15.6I6 
619 RESSML-RESIOd) 
616 CONTINUE 

ORDSML«AN IN i(VELSML «RESSML) 
C 
C TO FIND THE LIMITS FOR THE (4X3) CYCLES  
C 

IF(ALOCIOIOROSMU)620t«21«621 
620 LOCORO«ALOG10(OROSML>-1. 

60   TO  622 
621 LOGORO«ALQGIO(OROSMLI 
622 IF(ALOS10(FR0SML)l623t62«*62* 
623 LOGFRO*ALOC10(FRQSML)-1* 

GO TO 625 
624 L06FRQ*ALOGI0(FRQSML> 
629 OROSML>IO.«*LOGORO 

0R0LG>OROSML*10•«•« 
FRQSML«10•••LOGFRQ 
FRQLG«FRQSML«10.««3 

C——PLOT   LOG-LOG   GRID  FOR   VELOCITY   VS   FREQUENCY-—— 
CALL   GRIOlV(l.FRQSML.FRQLG,OROSML*OROLG.1.0.It0.ltl*l.l«-2.-2) 

C-—TO   FIND  LARGEST   1X1C   To   THE   PTH   POMER   LINE   FOR   X—--— 
0MSTRT«2.«P1«FR0SML 
TEMP«ALOC10(ORDLG/OMSTRT) 
IFITEMPI627t628t«28 

627 L0P«TCMP-1. 
GO TO 629 

620 LOP«TEMP 
62« 01>10*«*LOP 

V1«OMSTRT*01 
MI6M0**0R0SML 
XMARGNBNXV(FROLG)-NXV(FROSMLJ 
YMARCN«NVV< OROLG)-N YV <•ICI 
SLOPE«VMARGN/XMARGN 
IXCORaA* NXV(FROSMLI 
CALL   PRINTVI-l,IHD,IXCOR.NYV(VI)I 
CALL  PRINTV<-2.2HO».906»1TI 
CALL LAeLVI01.924.17.-2.1.3) 

C- DRAW LINES UP FROM VI —— 
yis«o. 
00 632 l«1.9 
VIS«VIS«V1 
IF(OROLC>VIS 1647.630.630 

630 XTCH«NYVIOROLG)-NVVIVIS» 
ITCH-XTCH/SLOPE 
ITCH>NXV(FROSML)♦ITCH 



PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued) 

06/10/ 
SNERO       -  EFN   SOURCE STATEMENT  -  IFMSI  - 

KITCH>NVV(OROLG) 
CALL LINEV (NXViFRQSML).NYV(V IS)•ITCH.KITCH) 

632 CONTINUE 
C———CHAW LINES FROM Wl 00*N— — 

647 00 638 J«1.20 
LAL«LOP-J 
LANsLAL^I 
OLANslO.*«LAN 
CLALslO«*«LAL 
00 638 1=1.9 
EFTI»I 
VIS>OMSTRT»OLAN-OMSTRT»DLAL*EFT1 
IF(VIS-0R0SML)639.633.633 

t33 KITCH=NYV(OROLG)-NYV(VIS) 
IVMARGaYMARCN 
IF(IYMARG-KITCH)63S.634t634 

634 ZITCHsKITCH 
ITCH«ZITCH/SLOPE 
GO TO 637 

635 iTCHsXMARGN 
KITCHaYMARCN 

637 ITCH*ITCH4>NXV(FRQSML) 
KtTCH«KlTCH«NVV(y|S) 
CALL LINEV (NXV(FROSML).NYV(VIS).ITCHtKITCH) 

638 CONTINUE 
C --ORAK FROM THE RIGHT ORDINATE THE REMAINING X-LINES-  

639 0MLAST=2.«PI«FRQL6 
LEFT2«J 
LEFTl»EFTt 
00 641 J>LEFT2t30 
LALaLOP-J 
LAN«LAL«1 
OLANslO.«»LAN 
OLALBtO.«*LAL 
00 640 IsLEFTI.9 
EFTl-l 
VtS>OMLAST*OLAN-OMLAST«0LAL*EFTl 
IFIVIS-OROSML»642,636.636 

636 K1TCH«NYV(VIS>-NYV(OROSML) 
CAPT«KITCH 
1 TCHaCAPT/SLOPE 
ITCHsNXV(FRQLGI-ITCH 
KITCH«NYV(OROSMLt 
CALL LINEV (NXV(FRQLG).NYV(VIS). ITCH* KITCH) 

640 CONTINUE 
LEFT 1«I 

641 CONTINUE 
642 CONTINUE 

C -PLOT POINTS—  
CALL APLOTVCNOFREO.OSCIL.VCL.1.1.1.44.LIT) 
IFtLIT)643*644»643 

643 «RtTE(6.922) LIT.ALPHA(IX) 
644 CO TO 1648»646).IALPHA 
648 CALL APLOTVtNOFREO.OSCIL.RESIO.1.1.1,38.KIT» 

CALL PR|NTV(-28.28H0OO ■RESIDUAL SHOCK SPECTRUM.NXV(FROSML).1006) 
|F(KIT)64S.646t645 
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued) 

06/1 
SNERO      -  EFN   SOURCE STATEMENT  -  IFN(S)  - 

645 HRITE(6.923) KIT.ALPHA!IX I 
646 CONTINUE 

CALL PRINTVI-IS.ISHFREQUENCV (CPS).AS2.6) 
CALL APRNTV(0.-14.-e.8MVELOClTY,9,576> 
CALL PRlNTV(-e.eHALPHA*  «aj.lT) 
CALL LABLV(ALPHA(IX).72.17.6.1.1) 
CALL PRINTV(-19.19H««« «SHOCK SPECTRUM.NXVtFRQSML).1015) 

C—-— GENERATION OF ACCELERATION GRID  
C TO FIND Al—  

TEMP>ALOG10(ORDSML«OMSTRT» 
IF(TEMP>eS0.85t.8Sl 

ESO LQPsTEMP 
GO TO 653 

ESI LOPsTEMP«!. 
653 Al=10.**LOP 

VlsAl/OMSTRT 
CALL PRINTV(-1.1HA.IXCOR.NYVIVI)) 
CALL PRINTV(-2,2hAx.900.4) 
CALL LABLV(A1.924.A.-2.1.3) 

C CRAM LINES DOWN FROM Al  
KITCHaNVV(OROSML) 
00 856 1*1.9 
EFT1-I-1 
VIS=VI»<l.-.lVEFTl) 
IF<ÜRDSML-VIS)855.855.857 

855 XTCHBNYV(VIS)-NYV(OROSML) 
ITCH«XTCH/SLOPE 
ITCH«ITCH♦NXV(FRQSML ) 
CALL LINEV (NXV(FRQSML).NYVIVIS)*ITCH. KITCH) 

856 CONTINUE 
C—— ORAM LINES FROM Al UP————-— 

897 DU 870 J«1.2C 
LANsLOPO-l 
Al. AN« 10 •••LAN 
00 670 1=2.10 
EFT1»I 
VIS>ALAN/0MSTRT«EFT1 
IF(VIS-0RDLG)SS8.898.871 

696 KITCH-NYVCVIS)-NYV(OROSML) 
IVMARGaYMARGN 
IFIIYMARC-KITCH)862*86lt86t 

661 ZITCHBKITCH 
ITCH«2ITCH/SLOPE 
KITCH>NVVCOROSML) 
GO TO 666 

662 ITCHaXMARGN 
KITCH>NYV(VIS)-IYMARG 

666 ITCH«|TCH«NXV(FROSML) 
CALL LINEV (NXV(FRQSML).NVV<V IS).ITCH. KlTCH) 

670 CONTINUE 
C CHAM   FROM  THE   RIGHT  ORDINATE   .REMAINING  A-LINES  

671 LEFT2«J 
LEFTlaEFTl 
KITCH>NVV(OMDLG) 
DO   679   J»LEFT2.30 
LAN«LOP*J-t 
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued) 

06/10/ 
SNERO -     EFN        SOURCE   STATEMENT     -      IFN(S)     - 

ALANslO.«*LAN 
00 874 IsLEFTl.10 
EFTl«! 
V IS*ALAN/OMLAST»eFT1 
IF<VIS-0R0LG)8T2.872.e76 

872 CAPT«NVVIOROLG)-NVV(VIS> 
1 TCH«CAPT/SCOPE 
ITCH«NXV(FRQuGI-ITCH 
CALL LINEV (NXV(FRQLG).NYViV IS> , ITCH.KITCH) 

874 CONTINUE 
LEFTls2 

875 CONTINUE 
876 CONTINUE 

GO TO 214 
C 
C SHORT FORM  

650 CONTINUE 
IF(ABS(FREQ-FREQt )-.lE*04)65l«6Sl*652 

651 hlRITE(8.912>    ALPHA( IX) 
652 60   T0(6S8*6SS)«IALPHA 
655 XOMAXsAMAXK ABS(XMAX)«ABS(XMIN) ) 

GO T0(668.e69t.IFREQ 
658 RMAXsSQRT(X0MEGA(KH)**2fX00T<KH)«*2) 

XCMAX>AMAX1(ABS(XMAX>«ABS(XMIN).ABS(RMAX)> 
GO T0(681.678)*IFRE0 

668 *RITE(8.906) FREO.XOMAX 
60 TO 215 

669 MRITE(8.90S) FREO.XOMAX 
GO TO 215 

678 MRITE(6«907) FREO.XOMAX,RMAX 
CO TO 215 

681 MRITE(S.908) FREO.XOMAX.RMAX 
GO TO 215 

C 
C LONG FORM  

700 CONTINUE 
IF(ABS(FREO-FREOl>- . 1E-04I701.701.702 

701 HRITE(6.91S)   ALPHA!IX) 
702 GO TOI704.705).IALPHA 
704 RMAX«SQRT(XQMEGA<KH)«*2«X00T|KH)*»2) 

GO TOI743.742).IFRE0 
705 GO 70(726.727).IFREQ 
726 IIR|TE(6.916) FREO.XMAX.XMIN 

GO TO 785 
727 HRirE(6.910) FREO.XMAX.XMIN 

CO TO 785 
742 HRITE(6.910) FREO.XMAX.XMIN.RMAX 

CO TO 785 
743 «R1TE(6.911) FREO.XMAX.XMIN.RMAX 

CO TO 785 
C 
C— —PRELIMINARY   CALCULATIONS  FOR   MIN.   AND  MAX.   RESPONSE-—■——--* 

756 CO  TO   (750.757).IALPHA 
757 NX«N 

CO TO 759 
750 NXBKH 

31 



PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued) 

06/1 
SNERO -      EFN        SOURCE   STATEMENT      -      IFN(SI      - 

759 XMAXaXOMEGA(1) 
KMXsl 
XMIN«XOMEGA(1) 
KMN«! 
DO 760 I>2*NX 
IF(XMAX-XOMEGA( 11)761.762.762 

761 XMAX*XOMECAII> 
KMXsi 

762 IF(XM1N-X0MEGA(1)1760.765.765 
765 XMIN«XOMEGA(I) 

KMN'I 
760 CONTINUE 

IF(KMX-1)771.77..771 
770 KMXxKKXM 
771 IF(KMX.NX)773.772.773 
772 KNX«KMX-t 
773 IF(KMN-1 1775.774,775 
774 KMN*KMNM 
775 IF(KNN-NX)777.776.777 
776 KMNxKMN-1 
777 CONTINUE 

IF(XDOT<KMX-l)«XOOT(KMX1)778.776.779 
776 KOOK>-1 

GO TO 781 
779 KOOK»0 
781 CONTINUE 

IF<XOOT(KMN-l)«XOOT(KMN)1783.783.784 
783 KICK«-1 

GO TO 950 
784 KICK«0 
950 NIN=2 

GO TO 2w7 
C 
C———EITHER RESTART WITH NEW FREQ» OR RESTART «ITH NEM ALPHA OR STOP 
785 CONTINUE 

IF(ABS(FRE0-FREQ2)-.1E-03)800.7S5.75S 
755 FREQ>FREQ«OELTAF 

GO TO 207 
800 CONTINUE 

GO TO 190 
801 WRITEI6.909) 

CALL FRAMEV 
STOP 

C 
900 FORMAT!1H1.49X.22HSHOCK   SPECTRUM   PROGRAM//50X.21HMPPLIED   MATH   LAB 

10TMB.///1 
901 F0RMAT(40X.38HF0UN0ATI0N   ACCELERATION   VS   TIKE!INPUT)//18X.23HF0UND 

1ATION   ACCELERATION.36X.15HTIME   IN   SECONDS) 
908   FORMAT(42X.3SHF0UNDATI0N   VELOCITY   VS   TIME    ( INPUT )//20X,19HF0UN0ATI 

ION   VELOCITV.3SX.15HTIME   IN   SECONDS) 
903 FORMAT«IX.F3S.9. 44X.F20.9) 
904 F0RMAT(47H  PLOTTING ERROR NUMBER OF POINTS OUT OF RANGE«.12//} 
905 FORMAT!lSX*Fie«5.29X.F12.71 
906 FORMAT!10X.I1HFIRST   FREQ'.F10*5«7X.13HMAX   RESPONSE«.F12.7/) 
907 FORMAT!15X.F10.S.2i29X.F12.7)> 
908 FORMAT!I0X.I1HFIRST   FRE0«.F10.5.7X,13HMAX   RESPONSE«.F12.7.12X. 
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PROGRAM LISTING FOR SAMPLE PROBLEM 1 (Continued) 

06/10/ 
SNERO      -  EFN   SOURCE STATEMENT  -  IFN(S)  - 

117HMAX RES RESPONSES.FI2.7) 
909 FORMATI///38X.2SHPROGRAM RAN TO COMPLETION) 
910 FORMAT!10X.F10.S.3(iex.F12.7) ) 
911 F0RMAT(SX.11HFIRST FREQ'tFlO.S*9X.9HMAX RESP««F12.7.10X.9HMIN RESP 

t».F12.7.7X.lSHMAX RESIO RESP>.F12.7) 
912 FORMATC1H1.S5X.10HSH0RT FORM//4SX.20HDAMPING COEFFIC IENTS.FIO.8/// 

l/9Xt22HFREQUENCYICVCLES/SEC.>.19X.20HMAX RESPONSE X OMEGA. 18X .26HM 
2AX RESIO RESPONSE X OMEGA) 

913 F0RMAT(S9H PLOTTING ERROR FOR X VS T. NUMBER OF POINTS OUT OF RAN 
IGE=.I2.6H FREQ».F10.7//) 

914 FORMAT«IX.12.*3H POINTS OUT OF RANGE FOR XOOT VS TIME .FREQ«.F10*7 
1//) 

915 FORMAT«lHl.S5Xt9HL0NG FORM//ASX,20HOAMPING COEFFICIENT>.FlO.B//// 
17X.16HFREO(CVCLES/SEC).12X.20HMAX RESPONSE X OMEGA.10X.20HMIN RESP 
20NSE X OMEGA.8X.22HMAX RESIO RESP X OMEGA) 

916 FORMATtAX.llHFIRST FREQ>.F10.5.10X.9HMAX RESP*.F12.7.10X.9HMIN RES 
1P«.F12.7) 

917 FORMAT«1H1.18X.1HI.38X.4HS(I).34X.7HS2NO«I)// 
1«17X.I4.34X.F12.7.28X.F12.7>) 

918 FORMAT«1H1.SOX.19HINTERME0IATE VALUES/19X,1HI,35X ,9HX0MEGA(I). 
131X.7hXOOT(1)// 
2(17X.I3.34X.F12.7.28X.F12.7)) 

919 FORMAT«IX.12.43H POINTS OUT OF RANGE FOR V    VS TIME .FREQ'.FIO.7 
1//) 

920 FORMAT«3F20.8) 
921 F0RMAT(6F1S.6) 
922 FUHMAT«lX.I2.49H POINTS OUT OF RANGE FOR VEL VS. FREQ WITH ALPHA«. 

1F10.8) 
923 FORMAT«IX.12.SOH POINTS OUT OF RANGE FOR RESIDUAL PLOT KITH ALPHA« 

1.  F10.8) 
ENO 
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129.09 

TIME IN SECONDS 

Figure 3 - Input Shock Function (Sample Problem 1) 
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FREQUENCY RANGE = 10 TO 1000 CPS 

35 



1.0X10 
+ 01 

••• ■ SHOCK SPECTRUM 

1.0X10 
+ 00 

O   1.0X10 
-01 

1.0X10 -02 

I.OXIO-03 

h^ps ̂
 öp ̂

 

Ws^ m* 
^ 

I I OQv ̂  .   1 j^v ycs\f\f ™%\ 
^S^kl 

Vx Es§ ^L^ ^Jj^/^l 
d>ri •N. / 

^ 
irK^ \^ ^Sofl 

6 zS i^^i 

s 

äq4 
IK 

^m ^ T- 
^ T- 

ioS^ r yr>J ^>S> ^T ^r IB S^S t ^>;*»I^iCM^ .     l ^KK^ON l  i "^ ^ fjn 

tA?S< ^>W PkL/x^ >^< ̂  ^tf^ "^ ^&cM 
N^ 

>rLr^c     J Vs x Sw XH^xT^ 
^ 

gg^rU 
^^ 

QfSFh |^ 

% 

^ w ^n 5^ #W & ■p ilScI <,•>;» %x^«i rTr l>«7SO<X ^i k.« ■»: < «-*» »*?c»: «■ ̂ > ? w A '' t > ,f*l*l< li^üC M^ ^<^K^ r ^ s § hffFl ^ ^ s^i< N S s< ^1 
^W^ £ßp EIII^ 

OIK« Z^ 
HIT? y^ L 1-1 *^^ fr* r*^^^^ If öp^XX IJ>OT 

^ E^ÜK 

^S rur }c   5 1 r l/X. / s ^^bS3 
^J ^^s/^ ^^^ i ™!l 

+01 1.0X10 

ALPHA-0.1000 

1.0X10 
+ 02 

1.0X10 +03 1.0X 10 + 04 

FREQUENCY (CP8) D=   1.0X10 

A-   1.0X10 

-01 

-01 

Figure 5 - Four-Coordinate Grid for Sample Problem 1, a =0.1 
FREQUENCY RANOE ■ 10 TO 1000 CP8 

36 



••• ■ SHOCK SPECTRUM 

1.0X10 
+ 01 

1.0X10 + 00 

Ü 1.0X10 
-01 

1.0X10 -02 

1.0X10 -03 
+01 

1.0X10 

ALPHA« 0.5000 

,+02 1.0X10 

FREQUENCY (CP8) 

1.0X10 +03 
1.0X10 +04 

D=   1.0X10 

A=   1.0X10 

,-01 

-01 
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TABULATION OF SHOCK FUNCTION FOR SAMPLE PROBLEM 1 
SHOCK   SPECTRUM  PROGRAM 

APPLIED  MATH  LAB   OTMB 

FOUNDATION  ACCELERATION  VS   TIDE«INPUT) 

FOUNDATION  ACCELERATION 

r.«9*259298 
I4.eas«273e9 
82.196842709 
29.291196346 
36.272976239 
43.069920267 
49.719232649 
56.147649769 
62.369493907 
66.366116266 
74.131931309 
79.690019646 
64.912377397 
69.909600638 
94.634310722 
«9.076369326 
103.239664366 
107.100766069 
110.669174194 
113.937322617 
116.902092699 
119.963899179 
121.916684999 
183.966916693 
189.719063099 
187.199080909 
186.303602490 
189.192914047 
189.710986056 
189.963152390 
129.975661305 
189.695358554 
189.149709708 
188.346968956 
187.896045303 
186.006376866 
184.466088604 
188.751568119 
180.608059698 
116.669086888 
116.346379860 
113.858384567 
111.199636459 
106.400998393 
105.469536761 
108.418538378 
99.861381149 
96.011873791 
98.688646659 
89.866141251 

TIME IN SECONDS 
0. 
0.000-29996 
0.000460000 
O.0O0C89996 
0.000119999 
0."00149995 
0.000179999 
0.0008C999S 
0.400839996 
0.:i00269994 
0.000899996 
0.000389994 
0.000359997 
0.000389993 
0.000419997 
0.C00449993 
0.000479996 
0.000510000 
0.000539996 
0.000569999 
0.000599999 
0.000689999 
0.000659999 
0.000689998 
0.000719994 
0.000749998 
0.00;« 779994 
0.000Bu9997 
0.300639993 
0.000869997 
0.000899993 
0.000929996 
0.000960000 
0.000989996 
0.001C19999 
0.001049999 
0.rCK79999 
0.001109999 
0.101139996 
0.001169994 
0.001199998 
0.901829994 
0.001259997 
0.001269994 
0.'01319997 
0.001349993 
0.001379997 
O.COI409993 
0.. 01439996 
0.001470000 
0.001499996 
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PRINTOUT OF FIRST AND SECOND FORWARD DIFFERENCE FOR SAMPLE PROBLEM 1 
sen s2Nom s. 

i 
I 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
IS 
ie 
17 
18 
19 
20 
21 
22 
23 
2* 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3« 
37 
30 
39 
40 
41 
42 
43 
44 
45 
46 
47 
40 
49 
SO 
SI 
52 
S3 
54 
SS 
56 
67 

7.4942593 
7.3913681 
7.2712153 
7.1343536 
6.9613819 
6.8129420 
6.6297126 
6.4324169 
6.2218041 
5.9986644 
S.7638I3C 
5.5180883 
5.2623577 
4.9975033 
4.7244301 
4.4440546 
4.1572990 
3.8651037 
3.S684061 
3.2681404 
2.9652700 
2.6607065 
2.3553858 
2.0502319 
1.7461462 
1.4440174 
1.1447220 
0.8491116 
0.5580120 
0.2722263 

-0.0074711 
-0.2603288 
-0.5456429 
-0.8027267 
-1.0509377 
-1.2896690 
-1.5183535 
-1.7364607 
-1.9435024 
-2.1390314 
-2.3226490 
-2.4939947 
-2.6527481 
-2.7986441 
-2.931*356 
-3.0510044 
-3.1571512 
-3.2498074 
-3.3289251 
-3.3945074 
-3.4465914 
•3.4852648 
-3.9106516 
-3.S229206 
-3.5222007 
-3.5089779 
-3.4S329S4 

-0.1028912 
-C.1028912 
-0.1201528 
-6.1368617 
-0.1529717 
-0.1684399 
-C.1832294 
-0.1972957 
-0.2106128 
-C.2231398 
-0.2348514 
-0.2457247 
-C.2557306 
-0.2048544 
-0.2.'1C732 
-Ci...'803755 
-0.2867556 
-0.2921953 
-0.296697« 
-0.3002577 
-0.3028784 
-0.3045635 
-0.3053207 
-0.3051538 
-0.3040857 
-0.3021288 
-0.2992954 
-0.2956104 
-0.2910995 
-C.2857857 
-0.2796974 
-0.2728577 
-0.2653141 
-0.2570839 
-3.2482109 
-0.2387314 
-0.2286844 
-:.2181072 
-9.2070417 
-0.1955290 
-0.1836176 
-£».1713457 
-0.1S87534 
-0.1458960 
-0.1328115 
-0.1195488 
-0.1061468 
-0.0926561 
-0.0791178 
-0.0655823 
-0.0520840 
-0.0386734 
-0.0253868 
-0.0122690 
0.0006399 
0.0133028 
0.0256624 
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SAMPLE PROBLEM 1 
SHORT FORxj 

DAMPING   COEFFICIENT' 

Müf 

T>«C 

PIICMCNCVICVCI.es/SEC. I 
10•••001 
•0*00000 
90«00000 
«0*00000 
00.00000 
•0.00000 
ro.ooooo 
00.00000 
00.00000 
100.00000 
110.00000 
Ito.ooooo 
130.00000 
1*0.00000 
ISO.ooooo 
100.00000 
1TO.OOOOO 
100.00000 
190.00000 
too.ooooo 
tlO.00000 
tto.ooooo 
t30.00000 
040.00000 
too.ooooo 
too.ooooo 
iTo.oooo« 
too.ooooo 
too.00000 
300.00000 
310.00000 
300.00000 
330.00000 
300.00000 
300.00000 
300.00000 
3T0.00000 
300.00000 
300.00000 
«00.00000 
«10.00000 
«to.00000 
«30.00000 
««0.00000 
«00.00000 
«00.00000 
«TO.OOOOO 
«00.00000 
«90.00000 
000.00000 
010.00000 
••••••000 

MAX RESPONSE X ONE6* 
O.tOTSOtS 
O.tlSSSOO 
O.I3«3tTI 
o.tsot*oo 
O.tSTOSOO 
0.t9S3«00 
o.tttoost 
0.3««tTaT 
0.«et9«3S 
0.391*011 
0.3tS«30t 
o.tsotsoo 
0.209190« 
O.IT906TS 
0.16*3830 
O.lOttTSS 
0.19010*0 
0.ISSI3S0 
0.ISI993T 
0.1*00600 
0.1*97131 
0.1*09990 
0.139*123 
0.193*091 
0.1T|9*T« 
0.109009* 
0.199ITSS 
O.tlTOTOO 
0.23*1621 
0.0*19210 
0.23S5C00 
O.tlT0l*O 
0.190*0«1 
0.1009002 
0.1691096 
0.I0T693I 
0.1«0900T 
O.I33«3Tt 
0.126390T 
0*12027*3 
0.1U03T3 
0.I0TT6T0 
0.1019202 
0.099376« 
0.00939T3 
0.0O390O« 
0.0T0632* 
0.076037* 
0.0790930 
0.073*003 
0.071799« 
O.OTOISOO 

MAX «ESIO RESPONSE X 0HC6A 
0.1079909 
0.0130000 
0.tlSS*«0 
O.tlOITO« 
0.091900* 
0.2703299 
0.30273*2 
0.3990004 
0.*029*39 
0.392*702 
0.323137* 
0.2271617 
0.1*07629 
0.10*0900 
•.07*9*00 
0.0900*7« 
0.0*226*7 
0.0*0767u 
0.0*32611 
0.0000001 
0.0*32112 
O.0T396O9 
0.0002626 
0.10*900* 
0.103*190 
0.1*6199« 
0.1739992 
0.10*3399 
0.0303310 
0.2*22*60 
0.23*0*09 
0.0097099 
0.10009*9 
0.IS9O0TS 
0.1393100 
0.11737*2 
0.1033000 
0.092616* 
0.0009031 
0.07*6132 
0.000*170 
( .0627997 
0.0073003 
0.093277* 
0.0*00002 
0.0*61200 
0.0*30016 
0.0*07900 
0.03001T3 
o.esoTOO* 
.03*0900 
»  0133019 
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930«00000 
040.00000 
990.00000 
960.00000 
9T0.00000 
900.00000 
990.00000 
000.00000 
010.00000 
oto.00000 
630.00000 
0*0.00000 
090.00000 
660.00000 
OTO.00000 
660.00000 
690.00000 
700.00000 
710.00000 
710.00000 
730.00000 
7*0.00000 
790.00000 
760.00000 
770.00000 
700.00000 
790.00000 
000.00000 
010.00000 
oto.00000 
030.00000 
0*0.00000 
090.00000 
060.00000 
070.00000 
000.00000 
090.00000 
900.00000 
910.00000 
9Z0.00000 
930.00000 
9*0.00000 
990.00000 
900.00000 
970.00000 
900.00000 
990.00000 

1000.00000 

.0006067 

.0671016 

.0696361 

.06*n7* 

.0626369 

.061*966 

.0601929 

.0509277 

.0976900 

.0969023 

.0903399 

.09*2099 

.0931119 

.0520*36 

.0510092 

.0*99992 

.0*90126 

.0*00962 

.0*712*0 

.0*62192 

.0*0330* 

.0***796 

.0*30*36 

.0*2036* 

.0*20361 

.0*12693 

.0*0911* 

.0397790 

.0390637 

.0303660 

.0370006 

.0370290 

.0363000 

.0397903 
•03913*0 
.03*9360 
.0339910 
•033370* 
.0320210 
.0322770 
•0917*00 
•091 »71 
•0307201 
•03012*7 
•0207*09 
.0292079 
•0100091 
•0103933 

0.030*324 
0.0190216 
0.0170279 
0.0263300 
0.0290700 
0.02*2022 
0.0230929 
0.0219662 
0.0212*21 
0.020*936 
0.019*7*2 
0.0100002 
0.0102*37 
0.017**31 
0.0167792 
0.0163960 
0.0197*09 
0.01910*7 
0.01*7314 
0.0142906 
0.0137100 
0.0133310 
0.0130265 
0.0129393 
0.0121316 
0.0119004 
0.0115239 
0.0111103 
0.0100992 
0.0106309 
0*0102409 
0.0100090 
0.00902*0 
0.009*932 
0.0092290 
0.0090091 
0.0000303 
0.0009900 
0.006*176 
0.0002439 
0.0079604 
0.0070119 
0.0076976 
0.0074609 
0.0072710 
0.0071002 
0.0070966 
0.0000009 
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SAMPLE PROBLEM 1 

SHORT  FOftM 

OAMPINC   COCffICieMT»0.099999»» 

PMcaucNCvicvcLct/iec.i 
IC.M000 
to.00000 
30.00000 
40.00000 
80.00000 
00.00000 
70.00000 

00.00000 
100.00000 
110.00000 
110.00000 
130.00000 
140.00000 
100.00000 
100.00000 
170.00000 
100.00000 
100.00000 
100.00000 
tlO.00000 
«10.00000 
030.00000 
140.00000 
090.00000 
100.00000 
170.00000 
300.00000 
100.00000 
300.00000 
310.00000 
310.00000 
330.00000 
340.00000 
300.00000 
300.00000 
370.00000 
300.00000 

400.00000 
410.00000 
400.00000 
430.00000 
440.00000 
400.00000 
400.00000 
470.00000 
400.00000 
400.00000 
000.00000 
010.00000 
oto.ooeoo 

MAX RESPONSE X OHCG* 
0.1770370 
0.17009SS 
0.2061076 
0.0109432 
0.227294« 
0.2247007 
0.2239191 
0.231312« 
0.2230210 
0.2099132 
0.1096170 
0.1664»«7 
0.1470100 
0.1440704 
0.1422331 
0.1346120 
0.1369220 
0.1342103 
0.1314370 
0.1286997 
0.129*270 
0.1231610 
0.1203031 
0.1170094 
0.11409*0 
0.1123324 
0.1006743 
0.1100744 
0.1110303 
0.1100107 
0.1003103 
0.1047713 
0.1001021 
0.0040*00 
0.0000001 
0.0000091 
0.0004070 
0.0044003 
0.0010103 
0.0000307 
0.0707090 
0.0700740 
0.0701101 
0.0739363 
0.071077* 
0.07029*2 
0.0007100 
0.00710*0 
0.0007207 
0.06*2*49 
0.00200*1 
0.0010077 

MAX RESIO RESPONSE X ONEC* 
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930.00000 
940.00000 
990.00000 
960.00000 
970.00000 
900.00000 
990.00000 
600.00000 
610.00000 
620.00000 
630.00000 
6*0.00000 
«90.00000 
660.00000 
670.00000 
600.00000 
690.00000 
700.60600 
710.00000 
730.00000 
730.00600 
7*0.00000 
790.00000 
760.00000 
770.00000 
700.00000 
790.00000 
000.00000 
010.00000 
030.00000 
030.00000 
6*0.00000 
090.00000 
060.00000 
070.00000 
600.00000 
690.00«; 00 
900.00000 
910.00000 
930.00000 
930.00000 
9*0.00000 
990.00000 
960.00000 
970.00000 
900.00000 
990.00000 
1000.00000 

.0601170 

.0909700 

.0977106 

.096936t 

.0993*30 

.09*31*9 

.0931090 

.09303** 

.0909099 

.0*99*90 

.0*0903* 

.0*00091 

.0*707*3 

.0*61730 

.0*93637 

.0***191 

.0*39003 

.0*3797* 

.0*19693 

.0*11093 

.0*0*009 

.0390997 

.0309013 

.0303637 

.037993* 

.0369379 

.036300* 

.0396379 

.0390391 

.03**396 

.0330399 

.0933677 

.0337337 

.0331779 

.0316333 

.031113* 

.030610* 

.03013*6 

.0300319 

.0301900 

.0107000 
•0103999 
.0370113 
.037360* 
.0309*70 
.0300*90 
.0301*69 
.0397*09 

43 



SAMPLE PROBLEM 1 
SHORT   FOMM 

0AHPIN6  COBP 

vNioueNCv(cvci.es/sec< > 
10.00000 
to.00000 
30.00000 
«0.00000 
■o.oooeo 
•0.00000 
TO.OOOOO 
•O.OOOOO 
•0.00000 

100.00000 
110.00000 
iao.ooooo 
ISO .00000 
1*0.00000 
ISO.OOOOO 
|«0.00000 
1TC.00000 
I »O.OOOOO 
190.00000 
100.00000 
110.ooooo 
tao.ooooo 
aje.ooooo 
2*0.00000 
180.00000 
too.ooooo 
270.00000 
200.00000 
290.00000 
300.00000 
310.00000 
330.00000 
330.00000 
3*0.00000 
390.00000 
300.00000 
?ro.ooooo 
300.00000 
300.00000 
«00.ooooo 
«10.00000 
«20.00000 
«30.00000 
4*0.00000 
«SO .00000 
«00.00000 
«TO.OOOOO 
«00.00000 
«•0.00000 
soo.ooooo 
sio.ooooe 
StO.00000 

MAX RCSPONSe « OMCCA 
0.008003« 
0.1T43730 
0.13T9TT.« 
0.179S900 
0.1T4IOS« 
0.1600190 
0.1««9970 
o.taoesoo 
e.iisriao 
0.10016*9 
0.0078676 
0.090329« 
0.097*997 
0.0090716 
0.09*0*06 
0.091910* 
0.000039« 
0.0077301 
0.0O96670 
0.0036309 
o.ooioa** 
0.0797440 
0.0770310 
0.07609*6 
0.07*3176 
0.07262*9 
0.0709796 
0.06*3033 
0.0670397 
0.0663363 
0.064003a 
0.0634730 
0.0631093 
0.0607743 
0.09O4771 
0.0902032 
0.0971000 
O.OSS9090 
0.0940091 
0.0930074 
0.0937769 
0.0917940 
0.0907733 
0.0499104 
0.0400704 
0.0470000 
0.0470030 
0.04OIIO0 
0.0493041 
0.0449610 
0.0437796 
0.0429932 

MAX RESIO RESPONSe X OMEGA 
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930.0000« 
5*0.00000 
990.00000 
9*0.00000 
9T0.00000 
900.00000 
990.00000 
«00.00000 
«10.00000 
020.00000 
«30.00000 
6*0.00000 
«90.00000 
««0.00000 
«70.00000 
«•0.00000 
«90.00000 
700.00000 
710.00000 
700.00000 
730.00000 
7*0.00000 
790.00000 
700.00000 
770.00000 
700.00000 
790.00000 
000.00000 
010.00000 
010.00000 
030.00000 
0*0.00000 
090.00000 
000.00000 
070.00000 
000.00000 
000.00000 
900.00000 
910.00000 
910.00000 
930 .00(100 
9*0.00000 
990.00000 
900.00000 
970.00000 
000.00000 
990.00000 
1000.00000 

0.0*<t*00 
0.0*191*7 
0.0*07900 
0.0*0109* 
0.039*272 
0.0307002 
0.0301319 
0.037900* 
0.03(^0902 
0.0303021 
0.0397199 
0.0391*0« 
0.03*00«« 
0.03*0700 
0.0339*17 
0.0330300 
0.0329303 
0.0320929 
0.031973* 
0.0311007 
0.030062O 
0.0302233 
0.0297909 
0.02930*9 
0.02099«« 
0.0209990 
0.0201091 
0.02770*0 
0.027*071 
0.0270399 
0.02««072 
0.0203*09 
0.0299990 
e.029««91 
0.029330* 
0.0290130 
0.02*70*8 
0.02**022 
0.02*100« 
0.02301*0 
0.0239200 
0.0232*79 
0.0t2«723 
••022702» 
0.022**02 
0.0221002 
•.021030« 
••••loots 
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SAMPLE PROBLEM 1 
L0N6 rottm 

DAMPINS COEFFICICNT-O. 

MtQ(CVCLIt/SeC> 
10.00000 
SO.00000 
30«00000 
40.00000 
90.00000 
60.00000 
TO.00000 
80.00000 
90.00000 
100.00000 
110.00000 
120.00000 
130.00000 
140.00000 
190.00000 
I60.0000C 
ITO.00000 
iao.ooooo 
190.00000 
200.00000 
210.OOOOO 
220.00000 
230.00000 
240.00000 
290.00000 
260.00000 
2T0.OOOOO 
200.00000 
290.00000 
300.00000 
310.OOOOO 
320.00000 
330.00000 
340.00000 
390.00000 
360.00000 
3T0.OOOOO 
300.00000 
390.00000 
400.00000 
410.00000 
420.00000 
430.00000 
440.00000 
490.00000 
460.00000 
4TO.OOOOO 
400.00000 
400.00000 
900.00000 
910.00000 
920.00000 

MAX nesPONse x OMEGA 
0.0000029 
0.II16209 
0.2107229 
0.2290621 
0.2901390 
0.2993460 
0.3222017 
0.3642707 
0.3901910 
0.3924811 
0.3294302 
0.2929802 
0.2091980 
0.I7906T9 
0.1470611 
0.1139742 
0.0813069 
0.0587927 
0.0992988 
0.0649904 
0.0812001 
O.I0T4940 
0.1319333 
0.1534091 
0.1719474 
0.1090054 
0.1961755 
0.2139826 
0.2341621 
0.2439210 
0.2350194 
0.2170140 
0.1949290 
0.1809082 
0.1691096 
0.1576531 
0.1499097 
0.1330372 
0.1204784 
0.1000442 
0.0959097 
0.0042173 
0.0730073 
0.0626136 
0.0616163 
0.0604020 
0.0982929 
0.0993163 
0.0918079 
0.0910449 
0.0916743 
0.0911100 

MIN RCOPONOC X OMCOA 
-0.2069933 
-0.2091239 
-0.2343271 
-0.2902400 
-0.2570906 
-0.2609993 
-0.3229092 
-0.3611291 
-0.3990324 
-0.3092212 
-0.3292009 
-0.2962969 
-0.2025897 
-0.1676214 
-0.1643090 
-0.1612799 
-0.1901949 
-0.1991090 
-0.1S19937 
-0.1408600 
-0.1457131 
-0.1429998 
-0.1394123 
-0.1362791 
-0.1377002 
-0.1689999 
-0.1961367 
-0.2170790 
-0.2336992 
-0.2433912 
-0.2399290 
-0.2169204 
-0.1994641 
-0.1701679 
-0.1940310 
-0.1431226 
-0.1379343 
-0.1323199 
-0.1263907 
-0.1202743 
-0.1140373 
-0.1077670 
-0.1019202 
-0.0953766 
-0.0093973 
-0.0839094 
-0.0796324 
-0.0760374 
-0.0790939 
-0.0734003 
-0.0717596 
-0.0701900 

MAX RE9ID «E9P X 0ME6A 
0.2079929 
0.2139996 
0.2199449 
0.2291704 
0.2919004 
0.2703299 
0.3027342 
0.3992094 
0.4029439 
0.3924702 
0.3231374 
0.2271617 
0.1407629 
0.1040990 
0.0749400 
0.0909474 
0.0422647 
0.0407670 
0.0432611 
0.0920901 
0.0632112 
0.0739499 
0.0802626 
0.1049004 
0.1234190 
0.1461994 
0.1739992 
0.2043399 
0.2303319 
0.2422160 
0.2340409 
0.2097999 
0.1800949 
0.1999079 
0.1393160 
0.1173742 
0.1033906 
0.0926164 
0.0829031 
0*0746132 
0.0604170 
0.0627997 
0.0973923 
0.093277« 
0.0498002 
0.0461200 
0.0430616 
0.0407508 
0.0302173 
0.339T99« 
0.0340900 
0.0323619 
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930.00000 
S40.00000 
S90.00000 
SOO.00000 
sro.ooooo 
SOO.00000 
590.00000 
600.00000 
010.00000 
620.00000 
030.00000 
640.00000 
680.00000 
660.00000 
670.00000 
680.00000 
690.00000 
TOO.OOOOO 
TI0.00000 
780.00000 
730.00000 
740.00000 
780.00000 
760.00000 
770.00000 
780.00000 
700.00000 
800.00000 
810.00000 
820.00000 
830.00000 
840.00000 
880.00000 
060.00000 
870.00000 
880.00000 
890.00000 
900.00000 
910.00000 
920.00000 
930.00000 
940.00000 
990.00000 
960.00000 
970.00000 
980.00000 
990.00000 

1000.00000 

0.0801319 
0.0487803 
0.0469989 
0.0449161 
0.0429942 
0.0399636 
0.0371992 
0.0343024 
0.0313290 
0.0292234 
0.0282349 
0.0287046 
0.0290982 
0.0293749 
0.0299037 
0.0294687 
0.0292600 
0.0288793 
0.0283289 
0.0276182 
0.0267998 
0.0297684 
0.0246969 
0.0234493 
0.0221469 
0.0207801 
0.0193988 
0.0196944 
.0.0199283 
0.02013S8 
0.0202630 
0.0203082 
0.0202632 
0.0201299 
0.0199066 
0.019S98S 
0.0192060 
0.0187363 
0.0181990 
0.0179068 
0.0169109 
0.0181978 
0.0184303 
0.0140003 
0.0190021 
0.0191931 
0.0191992 
0.0193184 

-0.0686067 
-0.0671016 
-0.0696301 
-0.0642174 
-0.0628369 
-0.0614966 
-0.0601929 
-0.0989277 
-0.0976900 
-0.0969023 
-0.0993399 
-0.0942099 
-0.0931119 
-0.0920436 
-0.0910092 
-0.0499992 
-0.0490126 
-0.0480962 
-0.0471248 
-0.0462192 
-0.049338* 
-0.0444796 
-0.0436436 
-0.0420304 
-0.0420361 
-0.0412693 
-0.0409114 
-0.0397796 
-0.0390637 
-0.0383600 
-0.0376886 
-0.0370296 
-0.0363806 
-0.0397903 
-0.0391346 
-0.0349360 
-0.0339810 
-0.0333794 
-0.0310210 
-0.0322770 
-0.0317460 
-0.0312271 
-0.0307201 
-0.0302247 
-0.0297405 
-0.0292678 
-0.0288081 
-0.0883833 

••0304384 
0.0290216 
0.0270279 
0.0263300 
0.0290788 
0.0242022 
•.0230928 
•.0219888 
••0212421 
•.0204930 
••0194742 
••0100002 
••0108437 
••0174431 
••0107792 
••0163960 
••0197489 
••0191047 
••0147314 
••0142906 
••0137106 
••0133310 
••0130209 
••0129383 
• •0121318 
••0119004 
••0119239 
••0111103 
••0100982 
0.0106308 
••0102409 
0.0100090 
••0008248 
••0094932 
••0092286 
••0090002 
••0008303 
••0008900 
0.0084178 
0.0002439 
••••79604 
••0070118 
••0070070 
••0074800 
• •0072720 
••0071882 
••0070000 
• •«•OOOOO 
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SAMPLE PROBLEM 1 
LONG rot** 

OAMPINC   COCMICteNTae.09999999 

ruoicvcLCs/seci 
10.00000 
20.00000 
30.00000 
40.00000 
SO.00000 
00.00000 
TO.00000 
00.00000 
90.00000 

100.00000 
110.00000 
110.00000 
130.00000 
1*0.00000 
ISO.00000 
160.00000 
I TO.00000 
100.00000 
190.00000 
100.00000 
210.00000 
SU .00000 
230.00000 
2*0.00000 
280.00000 
200.00000 
270.00000 
200.00000 
290.00000 
300.00000 
310.00000 
320.00000 
330.00000 
3*0.00000 
380.00000 
300.00000 
370.00000 
300.00000 
390.00000 
400.00000 
410.00000 
420.00000 
430.00000 
440.00000 
480.00000 
400.00000 
470.00000 
400.00000 
490.00000 
800.00000 
810.00000 
810.00000 

MAX RESPOMSE X OMECA 
0.1390010 
0.1304003 
0.1308238 
0.1403988 
0.1039449 
0.2009101 
0.2238191 
0.2313129 
0.2230210 
0.20SS132 
0.1086170 
0. 1664997 
0.1479108 
0.1287061 
0.1006083 
0.0003307 
0.0693412 
0.0843430 
0.0470772 
0.0S13437 
0.0603020 
0.0700200 
0.0011709 
0.0904091 
0.090249« 
0.1043040 
0.1008026 
0.1100744 
0.1118303 
0.1106107 
0.1003103 
0.1047713 
0.1002821 
0.0940908 
0.0000987 
0.0024838 
0.079716« 
0.0600093 
0.0610631 
0.0880028 
0.0403078 
0.0*10800 
0.OSS70O* 
0.0331987 
0.0313881 
0.0298201 
0.0176970 
0.0290992 
0.02*1330 
0.023*211 
0.02*0307 
0.02*2630 

HIN RESPONSE X OMEGA 
-0.1776276 
-0.1700888 
-0.2061076 
-0.2109*32 
-0.22729*9 
-0.22*7007 
-0.2139103 
-0.190639* 
-0.2097*01 
-0.1939238 
-0.1717606 
-0.180*029 
-0.1*7*080 
-0.1**070* 
-0.1*22331 
-0.1396120 
-0.1369220 
-0.13*2103 
-0.131*370 
-0.1200997 
-0.12S9270 
-0.1231610 
-0.1203031 
-0.117608* 
-0.11*9960 
-0.112332* 
-0.10967*3 
-0.1071608 
-0.10*6330 
-0.1021*93 
-0.0997299 
-0.0973770 
-0.0980990 
-0.0910806 
-0.0900082 
-0.0009692 
-0.006*970 
-0.00**003 
-0.0019163 
-0.0006307 
-0.0707096 
-0.07697*9 
-0.0792101 
-0.0739363 
-0.0710776 
-0.0701901 
-0.0607190 
-0.0071000 
-0.0097197 
-0 •00*19*8 
-0.0020962 
-0.0618877 

MAX   RES ID   RESP   X   OMEGA 
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930.00000 
940.00000 
990.00000 
9*0.00000 
970.00000 
990.00000 
990.00000 
600.00000 
610.00000 
eao.oooeo 
630.00000 
6*0.00000 
690.00000 
6*0.00000 
670.00000 
600.00000 
690.00000 
TOO.00000 
TIO.OOOOO 
720.00000 
730.00000 
740.00000 
790.00000 
700.00000 
770.00000 
700.00000 
790.00000 
eoo.ooooo 
010.00000 
oto.00000 
930.00000 
040.00000 
090.00000 
0*0.00000 
070.00000 
000.00000 
090.00000 
900.00000 
910.00000 
910.00000 
930.00000 
940.00000 
900.00000 
9*0.00000 
970.00000 
900.00000 
990.00000 

1000.00000 

0.0241990 
0.0137999 
0.0231099 
0.0221400 
0.0212220 
0.020066« 
0.Ct00222 
0.0179412 
0.0162601 
0.0190000 
0.0141939 
0.0141670 
0.0144499 
0.0147097 
0.0140899 
0.0149793 
0.0149733 
0.01*0732 
0.0146*90 
0.01*417* 
O.OI40031 
0.0136934 
0.0132612 
0.0127909 
0.0123327 
0.0110*40 
0.0119032 
0.0112*14 
0.01110*0 
0.0111000 
0.0111900 
0.0111999 
0.0111*0* 
0.0111090 
0.01101*7 
0«010094* 
0.010749* 
0.0109*03 
0.0103739 
0.0101*2« 
0.0099*0* 
0.00973*7 
0.0099420 
0.0093017 
0.0092*71 
0.0091920 
0.0091*0« 
0.00*0997 

-0.0000279 
-0.090970* 
-0.097712* 
-0.09*92*2 
-0.0993420 
-0.0942143 
-0.0931090 
-0.0920244 
-0.0909099 
-0.0499490 
-0.040903* 
-0.0400091 
-0.0470742 
-0.0401730 
-0.0*92*27 
-0.0*44191 
-0.0439003 
-0.0427374 
-0.0419*93 
-0.0411092 
-0.04040*9 
-0.039*997 
-0.0309012 
-0.0302*37 
-0.0379924 
-0.03*9379 
-0.03*2*0* 
-0.039*379 
-0.0390391 
-0.03**39* 
-0.0330399 
-0.0332*77 
-0.0327227 
-0.0321773 
-0.031*322 
-0.031112* 
-0.030*1** 
-0.03012** 
-0.0290319 
-0.02*1000 
-0.0207000 
-0.0202999 
-0.0270112 
-0.0273*** 
-0.02***70 
-0.02*0*0* 
-0.02*14*9 
-0.0207409 
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SAMPLE PROBLEM 1 
L0N6 FORK 

DAMPING coEMicieNT«e.seoeooeo 

PNEOICVCLCS/SECI 
10*00000 
20.00000 
30.00000 
40.00000 
90.00000 
•e.eoeoo 
TO.00000 
00.00000 
90.00000 
100.00000 
110.00000 
1to.00000 
130.00000 
140.00000 
190.00000 
100.00000 
I TO.00000 
100.00000 
190.00000 
100.00000 
210.00000 
too.00000 
230.00000 
040.00000 
290.00000 
200.00000 
2T0.00000 
200.00000 
too.00000 
300.00000 
310.00000 
320.00000 
330.00000 
340.00000 
300.00000 
300.00000 
3T0.00000 
300.00000 
390.00000 
400.00000 
410.00000 
420.00000 
430.00000 
440.00000 
490.00000 
400.00000 
4T0.00000 
400.00000 
490.00000 
900.00000 
910.00000 

MAX RESPONSC X OMCGA 
0.6990034 
0.0173720 
0.0216063 
0.0242291 
0.0320474 
0.0916470 
0.0609969 
0.0794746 
0.0746993 
0.0701099 
0.0690796 
0.0990004 
0.0949674 
0.0913949 
0.0490710 
0.0476230 
0.0461992 
0.0447772 
0.0439200 
0.0424419 
0.0414791 
0.0406379 
0.0390612 
0.0391260 
0.0304096 
0.0376797 
0.0369339 
0.0301071 
0.0393439 
0.0340192 
0.0336919 
0.0327704 
0.0310033 
0.0309902 
0.0301269 
0.0292603 
0.0204000 
0.0270690 
0.0267036 
0.0209619 
0.0201949 
0.0244613 
0.0237094 
0.0230831 
0.0224461 
0.0210319 
0.0212043 
0.0107000 
0.0201790 
0.0196700 
0.0191970 
0.0107434 

MIN RESPONSE X OMECA 
-0.1997206 
-0.1763736 
-0.1379774 
-0.1739966 
-0.1741094 
-0.1600190 
-0.1449970 
-0.1296900 
-0.1197120 
-0.1091640 
-0.0972676 
-0.0903294 
-0.0974397 
-0.0999716 
-0.0940406 
-0.0919194 
-0.0099399 
-0.0077301 
-0.0096670 
-0.0036309 
-0.0010244 
-0.0797440 
-0.0770310 
-0.0760046 
-0.0743170 
-0.0726249 
-0.0709796 
-0.0693032 
-0.0670397 
-0.0063363 
-0.0640031 
-0.0694730 
-0.0621093 
-0.0007742 
-0.0094771 
-0.0902092 
-0.097100« 
-0.00990M 
-0.0040091 
-0.0990074 
-0.0027769 
-0.0017040 
-0.0007792 
-0.049010« 
-0.040070« 
-0.0479060 
-0.0470020 
-0.0462190 
-0.0409041 
-0.0440010 
-0.0497706 
-0.042992t 

MAX RCSIO  RESP  X  OMCGA 
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59.0.00000 
S40.00000 
SSO.00000 
SSO.00000 
sTo.eoeeo 
sao.ooooo 
S90.00000 
600.00000 
010.00000 
620.00000 
630.00000 
6*0.00000 
ose.ooooo 
660.00000 
6T0.00000 
600.00000 
600.00000 
TOD.OOOOO 
710.00000 
rto.ooooo 
790.00000 
7*0.00000 
780.00000 
700.00000 
770.00000 
700.00000 
790.00000 
000.00000 
010.00000 
oto.ooooo 
090.00000 
0*0.00000 
OSO.ooooo 
000.ooooo 
070.00000 
000.00000 
090.00000 

910.00000 
9M .00000 
990.00000 
9*0.00000 
OSO.OOOOO 

970.00000 
900.00000 
99«.OOOOO 

1000.00000 

0.0103119 
0.0176993 
0.0175021 
0.9171275 
0.0167601 
0.016*223 
0.0160097 
0.0157717 
0.0154609 
0.0151769 
0.01*0953 
0.01*6237 
0.01*3615 
0.01*1109 
0.0130701 
0.(136372 
0.013*119 
0.0131939 
0.0129027 
0.C127702 
0.0129001 
0.0123905 
0.0122C6S 
0.0120279 
0.01105** 
0.0116059 
0.0115221 
0.0113629 
0.0112000 
0.0110573 
0.0109106 
0.0107600 
0.0106312 
0.010*971 
0.0103*6* 
0.0102300 
0.01011*0 
0.0099931 
0.00987*6 
0.0097509 
0.0090*00 
0.0098980 
0.009*277 
0.0099229 
0.0092192 
0.009110« 
O.C09020S 
0.00092*9 

-0.0*22*00 
-0.0*181*7 
-0.0*07960 
-0.0*0109* 
-0.039*272 
-0.0387602 
-0.0381318 
-0.037800* 
-0.0360902 
-0.0363021 
-0.0357199 
-0.0351*06 
-0.03*6066 
-0.03*0700 
-0.0335*17 
-0.0330300 
-0.0325303 
-0.0320525 
-0 .031573* 
-0.0311007 
-0.0906620 
-0.0302233 
-0*0297908 
-0.02936*8 
-0.0209866 
-0.020SS98 
"O.OaOlOOl 
-0.02770*0 
-0.027*071 
-0.0270399 
-0.0266072 
-0.0269*08 
-0.0289998 
-0.0296651 
-0.028996* 
-0.0280190 
-0.02*70*8 
-0.02**022 
-0.02*100* 
-0.02901*0 
-0.0298280 
-0.0292*78 
-0.0229729 
-0.0227028 
-0.022**02 
-0.0221062 
-0.0219909 
-0.0110929 

»ROCftAH  HAN  70  COMM-CTICN 
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APPENDIX B 

SAMPLE PROBLEM 2 

Arrangement of Input Data 

and 

All the Various Forms of Output 

That Can Be Generated 
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SAMPLE PROBLEM 2 

The following example has a set of values for the foundation velocity Z as the input 
shock function; and the two following statements are inserted in the program to calibrate the 
Z's. 

r 
75Z(I) = (Z(I) + 50)*.013959 

\ 

DO 75 I = 1, N 

1 I 

IIMIIIIIIIIllljOOMIOIMIIIMMIIIIMMMMMMMIMtllMIMIIMIIIMMIIIMMI 
i ) I < I I i i in mi a H «« n iKtiiiDftiiinKiiiixM iii>uMniiitian«ii<iuH«H<i«iiM;MMiw»HnMHW>i««i'«uiiHHiin ntiNiiiiti nun 
in nniinn 13 in mi i inn 11 MM n iiinniMMiniin tin M n MininiiMtini 

fiiinnttnnnDtiiimtnnfftitiiinnittnnmfiiiitiMttiiit}}}!}!!}}}!!! 

tiiiiiJitJiiiiisiinniiniiiiiiiisiJiiiiniiiiiiiiiiiiiniiiitiiiiiinifiiiiiii 

444444i444U44444444M4444444M4n444444(4H444444M444444444M4M4«M«444444444 

lll>IISflllltllStl*>***>>tStS«llltSil»l<ttSttlllt$llllltll|ltltll||||||||||||ltl 

iiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiitiiiiifiiiiiiniit 

jjnjnni?;n»7?»7n7nn>n7nn?n»»?Jn?;nnnTn;jjj?;jn;»i?7»nn?j?7n» 

iiimmmi i iiiiilliiiiiiiti IM i MIM tiiililtlMllliiHi ill III lilllliiliiui 

iimsiuss! ssssMssniiissssimssssiissisjiiiniiiininiiisiniiinninnn 
i > i < 11 11 «iiiiiiuia niiii«iiiiii)i)iiin»>i7ii«Mit»)iMnj«iiiii«M<i<iij««iiitii«H»uii>4»Nsiii»niiuiiHii«iiiiHiiiii>nNniiniiiiii 

The data Z for this problem was furnished by George O'Hara of the Naval Research Laboratory. 

53 



END PF FILE 

f     »RESTORE 

(SYSTEM CARD) 

(SYSTEM CARD) 

f     IIBSYS 

^ 

(SYSTEM CARD) 

<    END OF FILE 

r  
(SYSTEM CARD) 

(BLANK CARD) 

r 10. 1000. 10. (FREQUENCY CARD) 

r ISO. 1. (FREQUENCY CARD) 

f   9ZAZA4   ALPHA(1) = 0,.1,NALPHA = 21 

S     VZAZAS   IP1 = 0, IP2 = 0, IPS = 1,1P4 = 1, IPS = 1| 

(4TH NAMELIST) 

(3RD NAMELIST) 

^   IZAZA2   T = 0ITZERO = .14S, H = .12464t65E>03. X0 = 0,N = 1164, XDÖT0-0, ISZ-Of      (2 NO NAMELIST) 

f   -0072,  -oosr;   -0057,  -00501 

f     -0050,    -004S,    -0050,    -0050,    -0038, 

f     fZAZAl      FT (1ST NAMELIST) 

f    »DATA (SYSTEM CARD) 

IIO/IOIODIItlllllllllllMIMIIIIIIIMIIinilllllllOllllllllllllllllllllMIIIIM 
i > I < i I i i i wniniH n« ii ■HnnnnNniiiinnit ii»nMi«aiiiiii«<i<io««<i«w»wii»UMH»iiNNnniiuM«NiiNHii n uimn»" »rnt 
11, i, n n ii i n n 11 n n n 111111111 n ii n 111 n M i M n 11 n n 11 M 111111111 n 11 n 111 

7t7771}J77}27711117}17177771771717nil771J71l7727711712J 

ui} t^-1 j a} n i s i ii 111111 s i a 1111 ii} 1111}} 1111111 i it 11} 11}}} i 

4b444444(444(14444444444444444444444444444444(4444414444 

5S5555555i55S555555i555 5S5555SSS5S5555S5555555S555555SSS 

MtitllllllllllllltllllllllllllllflMllllllltllllllIMM 
iiTiTiiiiinTnnfinifiMinm»iiii»ijn»i»iiini?i?ii 

IMIIIMIMIIIIIMMinilllllllllMIIIIIIIIIIIIMIIlin 

sssissssisssinsssissnssDsiitMnssimiHsssssniim 

7771727777777777777771 

iiiiiiiiiitiiiniiiiii 

4444444444444444444444 

llltlllltlltmtlltttl 

llllllltdlllllllKtll 

n;i?njj»j?j»j?nn;7 

lilllllllMtllllllllll 

tsssissnssinnssim 
< i I • > I i • »it n mm »» II »in» mi ii »nmi»«»ii iiii)<«minii«nuM)Mnmi««»ini'iMH»wjt»wtiiiMMOinitt»» n nnHisiiiiitim 

Figure 7 - Arrangement of Input Data for Sample Problem 2 
NOTE:  AU the data cards for the first NAMELIST at« not shown. 
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PROGRAM LISTING FOR SAMPLE PROBLEM 2 

06/10/66 
SNERO      -  EFN   SOURCE STATEMENT  -  IFN(S)  - 

DIMENSION Z(200C).T(2000>.S(2000>.S2N0(2000t.XOMEGAC2000).X(2000). 
1XOOT(2000).ALPHA(2S).OSCIL(1000) «VEL«10001.RESI0(1000) 
EQUIVALENCE (RESIO.XI1)).(VEL.X(1001 1) 
NAMELIST/ZAZAI/2/ZAZA2/T.TZER0. M.       XO.N. 
1X0OT0.ISZ/ZAZA3/IPI.IP2.tP3.IP«.IPS/'ZAZAA/ALPHA.NALPHA 
■RITE(6*900) 
PI«3*141S027 
REAO(S.ZAZAl) 
REA0(S.ZAZA2) 
REA0(5.ZAZA3) 
RCADIStZAZA«) 
IH IPSISO.Sl.SO 

80 IP1>0 
IP2«0 

81 CONTINUE 
00   78   I«1.N 

78   Zm«tZ(I)*SO.)*.013989 
C 
C——~ «RITE   ANO  PLOT   INPUT  DATA  

00   100   I«2.N 
100   T(I)«T(I-1)*H 

IFIISZI104.108.104 
104  «RITE(6.90I) 

GO   TO   106 
108 «RITE(6«90X> 
106 CONTINUE 

«RITE(6.903) <Z(I).T(I).|>1.N) 
ZMINaZII) 
ZMAX«Z(1> 
00 110 I»2.N 
IP(ZMAX-Z«IM108.109.109 

100  ZMAX-Zd) 
60   TD   110 

109 IPI2MIN-Z(II>110«110.107 
107 ZMIN«Z(I) 
110 CONTINUE 

CALL   CAMRAV(3S) 
mm 
0XaN*ZN/10. 
OVafZMAX-ZHINl/10« 
CALL   CRI01V(1.T(1>.T(N>.ZMIN.ZMAX.0X.DY.1.1.1.1.6.6) 
CALL   APLOTVtN.T.Z.l.l.l.At.lERR» 
IP(ieil*ltl8.116.118 

IIS «NITC(6.90«)   IERR 
110 CONTINUE 

NNaN-l 
00 IM I«1.NN 
CALL LINEVINXVt T( 11» .NVV(Z(t >I.NXVITII»I I).NVV( Z< !♦! »I> 

100 CONTINUE 
CALL PRINTVI-IS.ISHTIME IN SECONDS.AS2.6) 
IPdSZtlll.ltttltl 

111 CALL APRNTV(0.-1«.-23.23HPOUNOATION ACCELERATION.4.«96> 
60 TO 123 

Itt CALL APRNTV(0.-14.-19.19MP0UNDATI0N VELOCITY.4.664I 
103 CONTINUE 
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PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued) 
06/10/66 

SNERO -      EFN SOURCE   STATEMENT     -      IFN(S) 

C 
C-— COMPUTE S(M AND SZND(N) FOR EACH TIME.T  

S(l)»2(2i-Zm 
S2NO(n-Z(3l-2.«2(2l+ZCl I 
K«N-1 

00 200 |«t*K 
S<I)«Z(I>1>-Z<I) 

200 S2N0( | )«Z( I«l >-2.*Z( I )«Z( i-n 
•RITE«6.917) CIiS(l).S2ND<I).I«l.N) 

C 
190 REA0<S«920) FRE01.FRE02tOELTAF 

IF<ABS(FRE01-FRE02>-.lE-20) 801.001.191 
191 CONTINUE 

IF(IP3)19a.l9S.192 
192 T£MP»FRfcQ2-FRE0l 

IF(AM00(TEMP.X)ELTAF>-DECTAF/2.) 193.194.194 
193 NOPREQsTEMP/OELTAF 

60 TO 19S 
194 NOFREO«TEMP/0ELTAF*l.00ül 
198 CONTINUE 

C———OAMPEO  OR   UNDAMPED. IF   UNDAMPED  FIND NUM8FR  OF  RESIDUAL- POINTS———— 
00   800   IXal.NALPHA 
NIN>1 
INI>0 
FREQsFREQI 
IF( ABS«ALPHA«IXn-*lE-09>201.201.202 

201 IALPHA-1 
60   TO 222 

208   IALPHA«2 
222 60 TO (203.2071.IALPHA 
203 TT»TZERO-T«n 

IP(AMOD(TT.H)-H/2*>20S.204*204 
204 KH>TT/H>1.800001 

60 TO 207 
208 KH«TT/H*.000001 
207 CONTINUE 

C 
C—-——COMPUTE CONSTANTS—--— 

0Me6A«FRE0«2.«PI 
RACCAL>S0RT(I.-ALPHA(IX)**2> 
0H«0ME6A«H 
P>0ME6A*HA0CAL 
EXBEXPI-ALPHAIIX)«CH) 
C0SPH>C0S(P«H) 
SINPH«SIN(P«Ht 
A20H»2.»ALPHA«IX)/0H 
RCCOHal./OH 
ALPHA2«ALPHA( IXi««2 

X1S«1«-2**ALPHA2 
FACTlaEX«SINPH/RADCAL 
FACT2«EX»C0SPH*FACTl»ALPHA«IX I 
IP(ABS(FREai-.lE-201280.220.221 

280   IFREO-1 
60   TO 223 

221   IFREQ>2 
223 IP« 182)300.208.300 

56 



PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued) 
06/10/66 

SNERD -     EFN        SOURCE   STATEMENT     -      IPN(S)      - 

SO«   GO  TO   (400.209).IFREO 
SO«   CONTINUE 

C 
C———COMPUTEXOMEGMNI.XOOT  FOR   VELOCITY   INPUT —  

FACT3>REC0HM1.-FACT2) 
FACTA-RECOH«(*S-2»*ALPHA(IX)«RECOH*EX*((.S4>2.«ALPHA(IX)»RECOHI 

1*C0SPH-IX12«REC0H-ALPHA(IX)/2.)«SINPH/RA0CALl) 
FACT5»EX»CQSPH-*LPHA(IX(«FACT 1 
FACT6sREC0H«FACTl 
FACT7»(REC0H««2l»(l.-EX«<C0SPH*(ALPHA(IX)*OH/2.»»SINPH/RAOCALn 
GO  TO(22«.22S).NIN 

224   X0MEGAln«OMEGA*X0 
X0OT(ll>XOQT0 
00   210   I>2*K 
XOMEGA(I)-X0MEGA(1-1»•FACT2«XD0T(t-1»»FACTl-St 1-1>*FACT3-S2N0(t-11 
1«PACT4 

210 X00TIII«-X0MEGA(I-I)«FACTl«'XOOT(l-l>«FACTS-S(I-ll*FACT6-S2ND(I-l)* 
1FACTT 
GO TO 756 

229 CONTINUE 
KRO*KMX*«OOK 
KRA«KMN«KICK 
00 23S I«2*5 
VA-I-1 
TAayA«*2*H 
COSPT«COSCP«TA) 
SINPT«SIN(P»TA) 
EXT>EXP(-ALPHA(IX)»OMEGA»TA) 
FACTR1-EXT»(C0SPT«ALPHA(IX)«SINPT/RA0CAL) 
FACTR2>EXT4SINPT/RA0CAL 
FACTH3»U.-F*CTRI>«ReC0H 
PACTR4a(TA/N-.8-A20H*(ALPHA(IX)/2.-X12«REC0HI*PACTR2*(.S*A20H) 
1«EXT «COSPT)«RECOH 

XMAXO        «XOME6A(KRO»«FACTR1*XOOT<KRO)»FAC">R2-S(KRO)»FACTR3 
l-S2N0M(R0)«FACTR4 

IF(XMAX-XMAXO 1224.230.230 
22«   XMAXaXNAXO 
230 XMINO        «X0NECACKRA)«FACTR1*X00TJKRA»«FACTR2-S(KRA)»FACTR3 

1-S2N0(KRAI«FACTR4 
IFCXMIN-XMINO   1239.238.232 

212 XMINaXMINO 
239 CONTINUE 

NIN«1 
211 IF(IPnS00.212.S00 
912   IF(IP2>S9O.213.SS0 
213 IF(IP3>600.2t4.600 
214 IF(IP4)6SO.2IS.eS0 
919 IF(IPS)700.785.700 

C 
C——COMPUTE XOMECA(N). XOOT(N|. FOR ACCELRATION INPUT  
30« CONTINUE 

GO TO(3SO*30S).IFREO 
309 CONTINUE 

EC0S1-1.-EX4C0SPH 
0FACT3««1•-PACT2)/0MEGA 
0FACT4»(1.-A20H«EC0S1-XI2«FACT1«REC0H)/OMEGA 
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PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued) 

06/10/66 
SNERC -      EFN SOLACE    STATEMENT      -      IFMS)      - 

0FACTS»(-4.»*LPI-MIX)-(2.»I I .-« .»ALPHAZ )/OH-2. »ALPHA t IX) )«ECOSlt 
l(XI2*2.»ALPhA(IXi*(3.-4*«ALPHA2)/OH)«FACTI)«REC0H/(2.»OMECA) 
0FACT6>( 1 .-ECOS U-FACT MALPHA < I X ) 
DPACT7>FACT1/OMEGA 
0FACTa*(l.-FACT2)*REC0H/0MEGA 
0FACT9>(2«-(t.«A.«ALPHA! I X)»RECOH)»ECOSl-(2.•XI2*RFCOH-ALPHA(IX)) 

l«FACTII«REC0h/(2.»0MEGA| 
GO   T0OC8>32!).MN 

308   X0MfcGA( I )30MEGA«X(. 
XCOT( n=X00T0 
CO   3IC    l«2>K 
XOMfcGA« I |sXOMEOA< I-1)«f ACT24XCCT( t-I)«FACTt-2(1-1 ) «OF. CT3-Sf!•!) 

I«CFACT4-S2NC( l-l )»ghACT£ 
310   X00T< I)i-X3WEGA( I-l )»FACT1*XOOT( I- 1)»DFACT6-Z(I-11»OFACTT 

1 -S« 1-1 )»DhACTM-S2NO( 1-1 l«CFACT9 
CG    TU    75« 

325   CONTINUE 
KRO-KMX»K00K 
KRAxKMNtKICK 
H2sH««2 
00   335   l«2«8 
VA>I-1 
TAaVA*.2*h 
COSPT-COSIP'TA) 
SINPT«SIN(P*TA) 
EXT»EXPI-ALPHA(IX)«OMECA«TA) 
FACTRIsEXT*(COSPT*ALPHA( IX I«SINPT/RAOCAL I 
FACTR2«EXT»SINPT/RA0CAL 
FACTR3«! I.-FACTRD/OMEGA 
FACTR*«(TA/H-A20H«I1.-EXT'COSPT)-X12*FACTR2»REC0H)/OMEGA 
FACTR5»! TA«»2/H2-TA/H-(2.»( l.-*.»ALPHA2MREC0H»»2-A20M»» 

1(I.-EXT»COSPT>»<X12«RECOM«'2.»ALPMA(IX1»(3,-A,»ALPHA2»»R€COM»»2) 
2*FACTR2)/(2.«OMEGA) 
XMAXaaXOMEGA(KR0)«FACTRl^XOOT(KROI«FACTR2-Z<KR0)«FACTR3 
1-S(KR0)«FACTR4-S2N0(KR0)»FACTR5 
IFIXMAX-XMAXO   )32«t330.333 

320 XMAX«XMAXO 
330 XMIN0«XOMEGA<XRAI»FACTRI»X0OT<KRA»«FACTR2-2(KRA)«FACTR3 

l-SIKRAI»FACTR4-S2ND(KRA»»FACTRS 
IF<XMIN-XMlNO   1335.335.332 

332 XMIN«XMINO 
338 CONTINUE 

NIN«1 
GO TO 211 

C 
C———FREOl»«RO FOR FOUNDATION ACCeLBRATlON——— 

380 60 T0(382*368)t'NIN 
382 XOMEGAIl>«X© 

X0OTIl)>XOOT0 
H2«H«*2 
00 360 I-2.N 
XQMECAII )>XOMECA(l-ll«H*X00T( I-t)-Z<I-1l*H2/2.-S(1-1)*H2/6.« 
1S2N0(t-l)*H2/24. 

360 XOOTIII--ZII-1'MH-S( 1-1 l*H/2.«S2NDI1-1l»H/12« 
GC TO 756 

368 CONTINUE 
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PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued) 
06/10/66 

SNERO      -  EFN   SOURCE STATEMENT  -  IPMSI  - 

NtN>l 
CO   TO   211 

C 
C- «COMPUTE   X.   XOOT  FOR  0ME6A«ZER0 VELOCITY   INPUT 

400   60   T0UC2«42SliNIN 
«02   XOMEGA(ll«X0 

XOOTID-XOOTO 
00   410   I«2.N 
XOMEGAII)«X0MEGA(I-1)«X00T( 1-1)«H-S(1-1)«H*.8>S2N0<1-1l*H/12. 

410   XOOTC IlxXOOTd-ll-SU-l) 
GO   TO   756 

428   CONTINUE 
NIN>1 
GO   TO   211 

C 
C— -PLOT   X   VS.   T   AND  XOOT   VS.   T — 

800   GO   T0(S0S.S10>.IFREQ 
505 00 S06 I«l.N 
506 XCI)«XOMEGAIII 

60 TO 818 
810 00 SIS l»l.N 
818   X(I>»XOMEGAII)/OMEGA 
818     XMX»XC1) 

XOMXaXOOTIII 
XMNBX(l) 
X0MN«X00T(1) 

00   830   I«2.N 
IPCXdl-XMX   »821.821*820 

820 XMXaXII) 
821 IPIXIIt-XMN »522.523.323 
822 XMNsXdl 
823 IP(XOOT(I).XOMX )82S.828*824 
824 XOMXaXOOTIII 
888   IFIXOOTdl-XOMN   >S26.S30.530 
886     XCMN«XOOT| 11 
830 CONTINUE 

OVafXMX -XMN l/ZN 
CALL GRI01VI1*T|1)*T(NI*XMN* XMX. OX.DV.4.4*4 .4.6.6) 
CALL APL0rv(N«T*X*l.l*l*48*IER) 
IP(IERIS31*838*S31 

831 «RITEI6.4I3) IER.FREO 
838 NNsN-1 

00 838 1-1*NN 
CALL  LINEVINXV(T(I))*NVV(X(in*NXV(T(I*in.NVV|X(I4'nil 

838   CONTINUE 
CALL   PRINTV(-1S.I5MTIME   IN   SECONDS.4S2*6) 
CALL  PRINTV(-23.23HFRE0» CYCLES/SEC..20.3) 
CALL  LABLV(FREO*60.3.6.1.4) 
CALL PRINTV|-8*8HALPHA>  •20*17) 
CALL LABLVCALPHAdXI.72*17*6*1*1) 
CALL APRNTV10.-14.-U.IIHX  RESPONSE.4.600) 
0Ys(X0MX -XOMN )/ZN 
CALL 6RI01Vd*T(l).T(NI*X0MN* XQMX. 0X.0Y.4 >4.4.4*6.6) 
CALL  APLOTV   (N.T.XOOT.   t.I.I.42•IERA) 
IP(IERA)   536*539.536 

830   HRITE(6.914)    IERA.FREO 
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PP ,GRAM LISTING FOR SAMPLE PROBLEM 2 (Continued) 

06/10/66 
SNERO       -  EFN   SOURCE STATEMENT  -  JFMSI  - 

S3« 00 540 l«l*NN 
CALL LINEV(NXV(T(I)),NVV{XOOT(I>I.NXV(T(I^t) ) tMYVIXDOT(I«l))| 

840 CONTINUE 
CALL PRINTV(-19>t5HTIME IN SECONDS.452t6) 
CALL PRINTV(-23.23HFREO«       CYCLES/SEC.»2013) 
CALL LABLV(FREQ.60t3.6tlt4) 
CALL PRINTV(-8.eHALPHA>  .20.17) 
CALL LAaLV(ALPHA(IX).72*17.6.1.1) 
CALL APRNTV(0.>14.-22,22HVEL0CITV RESPONSE X00T.4.6S8) 
GO TO 212 

C 
C—— PLOT Y( ACCELERATION) VS. TIH»E-  

980 CONTINUE 
GO T0<213.SSI).IFRE0 

881 CONTINUE 
880 00 562 i*t.N 
862 X(I)>-XOMEGA(l)«OMEGA 

XMXaX(l) 
XMNsXIII 

00 566 I«2.N 
IFIXMX -X(I 1)563.564.564 

863 XMX«X(I) 
864 IIMXMN   -X( mS6e.566.569 
868      XMN>X(I> 
866   CONTINUE 

OY>(XNX   -XMN    )/ZN 
CALL   GRI01V(1.TI1).T(N).XMN.    XMX.   OX.OY.4.4.4.4.6.61 
CALL   APLOTVIN.T.X.I.1.1.42.IER8) 
IF(tERe)8T0.S7l.S70 

870 «RITE(6.919)    lERB.FREO 
871 NNaN-t 

00  578   IM.KN 
CALL LINEV(NXV(TII)).NYV(XCI>).NXV(T(l«l)).NYVIX(I«l)n 

878 CONTINUE 
CALL   PRINTVI-18.18HTIME   IN   SECONDS.452.6) 
CALL  PHINTVC-23.23HFBE0« CYCLES/SEC..20.3) 
CALL  LABLV(FRE0.60.3»6.1.41 
CALL   PRINTV<-8.eHALPHAB      .20.17) 
CALL  LABLV(ALPHA(IX).78*17.6.1*1) 
CALL   APRNTV(0.-14.-26.26HABS0LUTE   OR   V   ACCELERATION.4.720) 
60  TO   214 

C 
c 
C———— FOUR  CCOROINATE  GRID—— 

800   CONTINUE 
INI'IMNI 
OSCILfINI>>PREO 
VCLtINI)>AMAX1(ABS(XMAX).ABS(XMIN)) 
60   TO   (601.602).IALPHA 

601   ReSI0(INI)>SQRT(X0MEGA(KH>*42«X00T(KH)*«2) 
IF(RESI0<INI)-. IE-19)604.604.602 

808   IF(FREO-.1E-I9>e04.604.603 
803 IFIVEL«INI)-.IE-I9)604,604.60S 
804 NOFREO-NOFREQ-I 

INIalNt-l 
808   IF(ABS(FRCO-FRE02)-.1E-09)606.806.214 
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PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued) 

06/14/66 
SNERO       -  EFN   SOURCE STATEMENT  -  IFMS» 

606 CONTINUE 
CALL SMXVV(I.I) 
PRQSML«0SCIL(1) 
VCLSMLaVEL«II 
RESSfLxRESIOd) 
00 616 Is2«NQFRE0 
IFtOSCILI I )-FRQSML)6U.ei2.6t2 

611 FHOSML«OSCIL( I > 
612 IF<VEL(I)-VELSML>6J3,6I«,6l* 
613 VELSML>VELI II 
614 IF<RESIO(II-RESSMLI6IS16IS.6I6 
615 RESSML«RESID(11 
616 CONTINUE 

0R0SML«AMIN1(VELSML.RESSMLI 
C 
C—— TO   FIND   THE   LIMITS   FOR   THE    (4X31   CYCLES  
C 

IF(ALQGIOIOROSMLI I620t621.621 
620 L0eUR0«ALOG10(OROSMLl-l* 

GO TO 622 
621 L0GaRO«ALOG10(OHOSMLI 
622 IF!ALOGIOIFRQSML 11623.624.624 
623 L0GFRa*AL0G10(FRaSMLl-l* 

GC TO 62S 
624 L0GFRQ«ALOG10(FROSML} 
625 0RCSML«10«»»L0G0R0 

OROLC-OMOSMLM0««*4 
FROSML«10.««LOCFRQ 
FRaL6>FRaSML«10.««3 

C——PLOT LOG-LOG GRIO FOR VELOCITY WS FREQUENCY  
CALL GRIOIVIt.FHOSML.FRQLG.0ROSML.aROLG.t.0.1.0.I.I.I.I.-2.-2l 

C- -TO FIND LARGEST 1X10 TO THE PTH POMER LINE FOR X———- 
0MSTRT»2.«PI«FROSML 
TEMPa ALOG10(OROLG/OMSTRT I 
IF(TEMP>627i628.628 

627   LOP>TEMP-1. 
60   TO  629 

620   L0P»TEMP 
62«   01«10.»»LOP 

Vl«OMSTRr«01 
■I6-10.*0R0SML 
XMARGN<NXV(FROLGI-NXV(FROSML I 
VMARGN«NYV(OROLCI-NVV(«IG| 
SLOPE«YHARGN/XMARGN 
IXCOR» 4*NXV(FROSMLI 
CALL PRINTV(-1,1H0.IXC0R.NYV(W1II 
CALL PRINTV(-2.2HO«.900.17I 
CALL LABLV(0I.924.17.-2.1.31 

C——CRAM LINES UP FROM Wl———— 
VIS'O* 
00 632 I«1.9 
Vtt«VI|4VI 
IF(OROL6-VIS164T.630.630 

630 XTCH«NYV(OR0LGI-NV¥(VISI 
ITCH-XTCH/SLOPC 
tTCH«NXV(FRaSML>«ITCH 
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PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued) 
06/10/6« 

SNERO -      EFN SOURCE   STATEMENT      -      IFMS»      - 

KITCHVNYVCOROLCI 
CALL   LtNEV    «N*VCFR0SMLI.NVVIVIS).|TCM,KITCH1 

«38   CONTINUE 
C—--—DRAM   LINES   FRON   VI   DOMN  

647  00 638   J«lt20 
LAL«L0P-J 
LAN«LALM 
0LAN>10<«»LAN 
0LAL>10.«*LAL 
00 638 I>t.9 
EFTl«I 
VIS*OMSTRT»CLAN-OMSTRT«OLAt»EFTl 
IFtVIS-OROSML1639.633.633 

633 KITCM»NVV(ORDLG»-NVV(V|S> 
IVMARG>YMARGN 
IFIIVMARG-KITCH)63S.634.634 

63« ZITCHaKITCH 
1 TCHsZITCH/SLOPE 
GO TO 637 

639 ITCH>XMARGN 
KITCH>VMARCN 

637 ITCH>ITCH4NXV(FRQSNL) 
KITCH>KITCH4NVV(VIS) 
CALL  LINEV   (NXV(FRQSML).NVV(VIS>.tTCH.K|TCH) 

638 CONTINUE 
C———OR*« FROM THE RIGHT OROINATE THE REMAINING X-LINCS — 

639 0MLAST«2.«PI«FR0LG 
LEFT2-J 
LEFT1>EFT1 
00 641 J>LEFT2.30 
LAL>LOP-J 
L4N>LAL41 
0LAN>10**«LAN 
0LAL«10*«*LAL 
00 640 I-LEFT1.9 
EFTl«! 
VIS«0MLAST«0LAN-0MLAST«0LAL*EFT1 
IFIVJS-QROSML »642,636.636 

636 KITCH>NVV(VIS)-NVV(OROSMLI 
CAPTaKITCH 
ITCHBCAPT/SLOPE 
ITCHaNXVIFHQLG)-ITCH 
KITCH'NVVIOROSML) 
CALL LINEV INXVIFROLG)tNVV(VlS). ITCH* KlTCHI 

640 CONTINUE 
LEFTlal 

641 CONTINUE 
•4« CONTINUE 

C———PLOT POINTS-——— 
CALL APL0TVCN0FHE0.0SC|L.WEL.|.I.I.44,LIT) 
IF(L|T)643*644*643 

•43 MRITE(6.92ai LIT.ALPHA! IX) 
•44 GO TO (648.646).IALPHA 
•48 CALL APLOTV(N0FREO.0SCIL.RESI0.l.l.l.36.ICIT) 

CALL PRINTV(-2e.28HC00 "RESIOtAL SHOCK SPECTRUM.NXV(FROSML).1008) 
IF(KIT)ft49.^46.648 
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PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued) 

06/10/66 
SNERO      -  EFN   SOURCE STATEMENT  -  IPMS)  - 

648 NRITE(6i«23) KIT.ALPHAIIX) 
646 CONTINUE 

CALL PRINrVI-lS.lSHFREQUENCV (CPS)t4S2.6t 
CALL APBNTV<0.-14,-8,eHWeL0CITV.9.576l 
CALL PRINTV(-e,eHALPHA«  .20.171 
CALL LABLV(ALPHA(IXI,72.17.«.1.1I 
CALL PR|NTV(>19*19H»*« «SHOCK SPECTRUM.NXV(FRQSML).101S) 

C——— GENERATION OF ACCELERATICN GRID  
C-——— TO FIND Al —  

TEMP«ALOG10(OROSML'OMSTRT) 
IF(TEMPI8S0*a51.eSl 

690 LOP-TEMP 
CO TO 853 

681 LOP'TEMPM. 
683 A1>10.**LOP 

VlaAI/OMSTRT 
CALL PRINTV(>I.IHA.IXC0R.NYV(V1>) 
CALL PRINTV(>2.2HA«.900.4l 
CALL LABLV(AU924.4.-2.t.3t 

C-——ORA« LINES OOHN FROM Al  
KITCM»NVVIOROSML) 
DO 886 1*1.9 
EFT1«I-1 
VIS«VI*(l.-.l*EFTl) 
IMOROSML-VIS) 655.695.857 

688   XTCH-NYWIVIS>-NVV<OROSML» 
ITCHaXTCH/SLOPE 
ITCHslTCH^NXVIFRQSML) 
CALL   LINEV   (NXV(FRaSMLl.NVV(VtS).ITCH.   KITCH) 

886   CONTINUE 
C———ORAN  LINES  FROM   At   UP —— 

687 00   870   J«l.20 
LAN-LOP'tJ-l 
ALAN«10•••LAN 
00   070   I«2.10 
EFTfal 
VISaALAN/OMSTRT^EFTl 
IF(VIS-0R0LG)886.688.671 

688 K|TCH>NVV(VIS)-NVV(OROSMLI 
IVMARG«VMAR6N 
IFIIVMARG-KITCH)862.86t.861 

661 ZITCM-KITCH 
ITCH-ZITCH/SLOPE 
K|TCH«NVV(OROSMLI 
GO TO 060 

868 ITCH-XMARGN 
K|TCHaNVV(VIS)-IVMARG 

868 ITCH«ITCH»NXW(FHOSML> 
CALL LINEV (NXVIFRQSML>»NYVIVIS)•I*CH. KlTCHi 

670 CONTINUE 
C—•——ORAM FROM THE RIGHT OROINATE .REMAINING A-LlNES——— 

871 LeFT2>J 
LKFTl-EFTl 
KITCH>NVV(OR0LG) 
00 878 J-LEFT2.30 
LANaLOPf'J-t 
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PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued) 
06/10/6< 

SNERO -      tFN SOURCE   STATEMENT      -       tFMS) 

•L*N>ie**«k*N 
DO   874    I'LEFTI.IO 
EFTl»I 
WIS = ALAN/OML*ST«EFT 1 
IF(VIS-OR0LC)872,872.a7« 

872   CAPT=NVVtOHOLG)-NYV<VIS» 
ITCHsCAPT/SLOPE 
ITCHsNXV(FROLG)-ITCH 
CALL   LINEV    (NXV(FRQLCItNYV(VIS)t    ITCH.KITCH» 

874   CONTINUE 
LEFT 132 

879   CONTINUE 
876   CONTINUE 

CO   TO   214 
C 
C—-- SHORT   FORM  

650 CONTINUE 
IF(ABS(FRE0-FREQ1)-.1E-04)6S1.6S1.652 

651 «RITE(8.9t2l ALPHA!IXi 
692 CO T0(658.695l.IALPHA 
699 XOMAXsAMAXKABSCXMAXi.ABSIXMIN) ) 

GO T0(668.669>t IFREQ 
698 RMAX>SQRT(XOMEGA(KH)«*i«XOQT(KH)*»2i 

XOMAX*AMAXl(AeS(XMAX)iABSIXMIN|.ABSIRMAX)| 
CO TG(681*678).IFREQ 

668 URITEiatVOel FREO.XOMAX 
GO TO 215 

66« NRITE(8.909) FREQ^XOMAX 
GO TO 215 

678 •RITEC8.907» FREO.XOMAX.RMAx 
GO TO 219 

681 «R|TE(Bt908l FREO.XOMAX,RMAX 
GO TO 215 

C 
C— LONG FORM  

700 CONTINUE 
IF(AeS(FRE0-FREQn-.lE-04 »701.701. 702 

701 MRITE(6.919) ALPHA«IX» 
702 GO T0«704,70S».IALPHA 
704 RMAXsSORT|XOMEGA(KHI**2«XDOTIKH)«*2> 

CO TOC743.742).IFREQ 
705 CO 70(726.727). IFREQ 
726 «RITE(6*9t6) FREQ.XMAX.XMIN 

CC TO 785 
727 ■R|TE(6.9t0) FREQ.XMAX.XMIN 

GO TO 785 
742 «RITE(6.910» FREQ.XMAX.XMIN.RMAX 

GC TO 785 
743 MRITE(6.911) FREQ.XMAX.XMIN.RMAX 

GO TO 785 
C 
C———PRELIMINARY   CALCULATIONS   FOR   MlN.   AND   MAX.   RESPONSE- 

786 CO   TO   I 758.757). IALPHA 
787 NX»N 

GC   TO   759 
700  NX»KH 
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PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued) 
oe/io/ee 

SNFRO -      EFN SOURCE   STATEMENT      -       IFN(S)      - 

759 X*«XsXOM£GA( 1 ) 
K¥K-l 
XPINsXOMCGAC1t 
KKN*t 
CO   76«    1=2»NX 
IF(XMAX-XOMEGA( I ) ) 76 It 762.7(2 

761 XMAXsXOMb'GAC t t 
KWXal 

762 IFIXHIN-XOMEGAI 1 1) 76C•765«765 
768 XHIN^XOMEGAI || 

K¥N*l 
760 CONTINUE 

IF(KMX-l)77|,77w.771 
778 KMX*KMX*1 
771 IFIKMX-NX1773.772.773 
772 KMXmKMX-1 
773 IF(KMN-1)775.774.775 
77* KMN«KMN>1 
775 IFIKMN-NX»777.7 76.777 
776 KMN>KMN-1 
777 CONTINUE 

IF(XD0T(KMX-1)«X00T(KMX>)778.778.779 
778 KC0K>-1 

GC   TO   781 
779 K00K«O 
781 CONTINUE 

IF(XDOT(KMN-l>«X00T(KMN)>783.7e3.7e« 
783 KICK»-! 

GO   TO   9S0 
784 KICK«« 
950 NIN>2 

C 
c—  

CO  TO   217 

 EITHER   RESTART   KITH   NEW   FREO*   OR   Rl ART   «ITH   NEW  ALPHA   OR   STOP 
785  CONTINUE 

IF1ABS(FRCO-FRE02)-.1E-C3)8>.0.7S5.755 
755   FReO«FReO»OELTAF 

GO   TO   207 
800 CONTINUE 

GO  TO   190 
801 NRITE(6.909) 

CALL   PRAMEV 
STOP 

900 P0RMAT(1HI*«9X(22HSH0CK   SPECTRUM  PROGRAM//SOX .21HAPPLIE0   MATH  LAB 
lOTMB.///) 

901 F0RMAT(«0X.38HPCUN0ATI0N   ACCELERATION   VS   T IME< INPUTI//1BX.23HF0UN0 
tATION   ACCELERATI0N.36X,1SHTIME   IN   SECONDS) 

9t*   FORMAT«*2X,35MFCUNDATI0N   VELOCITY   VS   TIME    (INPUT>//20X.I9HF0UN0ATI 
ION   VELOCITY.3SX.tSHT|ME   |N   SECONDS) 

903  FORMAT!IX,F35.9.   MX.F20.9) 
906   F0RMAT<47M     PLOTTING  ERROR   NUMBER  OF  POINTS   OUT   OP   RANGEs.I2//) 
905 FORMAT!ISX,FI0.5.29X,F12.7» 
906 FORMAT!IOX,UHF1RST FREO«*F10.5.7X,13HMAX RESP0NSE«,F12*7/) 
907 FORMAT!15X.F10*S.2l29X,FI2.7tI 
908 FORMAT!»OX,I IMF IRST FREO'.F10.5.7X.13HMAX RESPONSE**F|2.7*12X. 

65 



PROGRAM LISTING FOR SAMPLE PROBLEM 2 (Continued) 

-  EFN   SOURCE STATEMENT  -  IFN(S)  - 
06/10/6 

SNERO 

117HMAX RES RESPONSE».F12.7» 
90« FORMAT(///3aX, 2SHPROGRAW RAN TO COMPLETION) 
«10 FORMATI10X.F10.S.3(18X.F12»7It 
«II FORMATtSX.tlHFIRST FREQ-.FIO.S.gX.QHMAX RESP'.Fl2*7.I0X.9HWIN RESP 

I».FI2.7.7X,15HMAX RESIO RESP>.Ft2.T| 
«It FORMAT!IM1.5SX. IOHSHORT FORM//4SX.20HOAMPING COEFFICIENT«.FIO.S/// 

1/«X,22HFREQUENCY(CVCLES/SEC.).19X.20HMAX RESPONSE X OMEGA,18X.26HM 
2AX RESIO RESPONSE X OMEGA) 

913 F0RMAT(59H  PLOTTING ERROR FOR X VS T. NUMBER OF POINTS OUT OF RAN 
lGE>.I2.6h FREOs.FIO.7//) 

914 F0RMAT(lX,l2.OH POINTS OUT OF RANGE FOR XDOT VS TfME.FREQz.FIO. 7 
1//) 

918 FORMATI1HI.95X.9HL0NG F0RM//4SX.20HDAMPING COEFFICIENT».F10.8//// 
17X.I6HFREQ(CVCLES/SEC).12X.20HMAX RESPONSE X OMEGA.10X.20HMIN RESP 
2CNSE X OMEGA.8X.22HMAX RESIO RESP X OMEGA) 

916 FORMATIAX.llHFIRST FREO>.F10.S. I0X.9HMAX RESP« .F 12.7.10X.9HMIN RES 
1P-.F12.7) 

917 FORMAT«1H1.18X.1Ht.38X.«HS( I ) .34X.7HS2NO(I)// 
1(17X.14.34X.F 12.7.28X.F12*7)) 

918 FORMAT!1H1,S0X.19HINTERMEDIATE VALUES/19X, 1HI .3SX.9HX0MEGAI 11, 
131X.7HXDOT<l)// 
2(17X.I3.34X.F12.7.28X.F12.7)) 

919 FORMAT«IX.12.43H POINTS OUT OF RANGE FOR V    VS TIME.FREQ'.FlO.7 
!//> 

«20 FORMAT«3F20.8) 
«21 F0RMATI6F1S.6) 
922 FORMAT« IX. 12,49H POINTS OUT OF RANGE FOR VEL VS. PREO WITH ALPHA«. 

1F10.8) 
923 FORMAT« IX. I2.SOH POINTS OUT OF RANGE FOR RESIDUAL PLOT WITH ALPHA« 

1.  F10.8) 
END 
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Figure 8 - Input Shock Function (Sample Problem 2) 
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TUB IN SECONDS 

Figure 9 - X versus Time (/Pl),   o = 0, / = 98 Cycles per Second 

68 



ALPHA*   0.0000 

FRBQ    = 98.0 CYCLES/SEC. 
TIME IN SECOND! 

Figure 10 - X versus Time (/Pi), o = 0, / = 98 Cycles per Second 
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ALPHA«   0.0000 
PRBQ    - «0.0 CYCLES/SBC. 

Tim IN SECONDS 

Figure 11 - -<i)2X versus Time (IP2), a - 0, / - 98 Cycles per Second 
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Figure 12 - ^ versus Time (/PI), a = 0.1, / = 98 Cycles per Second 
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TIME IN SECONDS 

Figure 13 - A versus Time (/Pi), a =0.1, / - 98 Cycles per Second 
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ALPHA =   0.1000 
FREQ    ■ 98.0 CYCLES/SEC. TIME IN SECONDS 

Figure 14 - -w2 A" versus Time (/P2), a •- 0.1, / - 98 Cycles per Second 
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Figure 15 - Four-Coordinate Grid for Sample Problem 2,  a - 0 
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*** = SHOCK SPECTRUM 

1.0X10 + 02 
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Hl.OXlO 
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1.0X10 -01 
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Figure 16 - Four-Coordinate Grid for Sample Problem 2, a - 0.1 
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Figure 17 — Four-Coordinate Grid for Sample Problem 2, a - 0 
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Figure 18 — Four-Coordinate Grid for Sample Problem 2, a - 0.1 
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TABULATION OF SHOCK FUNCTION FOR SAMPLE PROBLEM 2 

SHOCK   SPECTRUM  PROGRAM 

APPLIED  MATH LAB  DTMB 

FOUNDATION  VELOCITY  VS  TIME   (INPUT) 

FOUNDATION   VELOCITY 
-0. 

0.069T9A998 
-0. 
-0. 

0.I67S07999 
i.82a«2a9ar 
1.828628967 
4.480838984 
4.341248989 
4.341248989 
1.863407987 
1.312148993 
0.670031998 
0.628184993 
0.628184993 
1.926341996 
3.070979983 
3.790847999 
4.131863982 

-0.418769993 
-0.418769993 
-2.289278974 
-0.963170998 
0.321086999 
0.620184993 
1.423817992 
1«87080890« 
1.«1230299« 
1.912382990 

-0.949212000 
-1.678079986 
-2.12170799« 
-2.02408497« 
-1.89138899« 
-1.046924993 
-0.43872899« 
-«•438788998 
-0.879416998 
-0.338018997 
-0.338019997 
0.809621997 
0.798662999 
0.79966299« 

-1.82193098« 
-1.82183«««« 
-1.884827997 
-«.097712994 
-«•««7712994 
1.200473994 
2.107808977 
2.847638984 

TIME IN SECONDS 

0.000124041 
0.000249208 
0.000373922 
0.000490863 
0.000623204 
0.000747048 
0.00087240« 
0.00099712« 
0.001121774 
0.001246418 
0.00137100« 
0.001498697 
0.001620337 
0.001744970 
0.CO 1869619 
0.001994««« 
«.00211«««« 
«.00224384« 
0.002368189 
0.002492030 
«•002617471 
0.002742112 
0.002866792 
0.002991393 
0.003116034 
0.003240««« 
«•003308383 
«•««34««««« 
«.003614604 
«•««3739848 
«.003863««« 
«.003988987 
«•00411310« 
0.00423701« 
0.00436249« 
«.004407097 
0.00461173« 
«.00473037« 
«.00406108« 
«.004909660 
«.009110301 
0.009234948 
«.00939989« 
••««8484831 
8.009600078 
••000733818 
••888888183 
0.009902794 
«.00610743« 
«.006232078 
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Silt s«Nom 

i 
t 
3 
4 
S 
e 
T 
• 
9 

10 
II 
ta 
19 
i« 
is 
i* 
17 
la 
i« 
a« 
ai 
aa 
as 
a« 
as 
as 
a? 
as 
as 
30 
31 
3a 
33 
3« 
3S 
3S 
37 
3S 
3S 
40 
• I 
4a 
43 
44 
4S 
4S 
4? 
4S 
49 
90 
SI 
sa 
83 
84 
SS 
8S 
87 

0.0697980 
-0.0*97980 
-0. 
0.1679000 
t.esuaio 
o* 
a.ssaaioo 

-0.1399000 
0« 

-a.777S4IQ 
-o.asiaoao 
-0.6481140 
-0*0410770 
0« 
1*«901070 
1.1440380 
0.7890680 
0*3390160 

-4.9806339 
-0* 
-1*0709060 
1*3361090 
I.«043200 
0*3070900 
0*7986630 
0*4406000 
0*0410770 
0* 
-a.0619990 
-0*7390600 
-0*4466000 
0*0977130 
0*4337190 
0.8444010 
0*6141960 

-§• 
-0*4466000 
0*9444010 

-0* 
1*1446300 

-0*0139090 
0* 
-a.3171940 
-0* 
0*1373030 
1*1069190 

-0* 
1*8901070 
0*9073390 
0*7390170 

-0*1399900 
0* 
-1*0190070 
-1*8901070 
0* 

-1*9819310 
0.9910090 

-0.1399900 
-0.1399900 
0.0697990 
0.1079000 
1.4936130 

-1.0011810 
8.6888100 

-8.7917999 
0.1399900 

-8.7770410 
8.9869790 

-0.3900980 
0.6008370 
0.0410770 
1.8901070 

-0.1838490 
-0.4107700 
-0.3900881 
-4.0080409 
4.9906339 

-1*0709000 
3*196610« 

-0*0410770 
-0*9771300 
0*4009600 

-0*3409700 
-0*4040110 
-0*0410770 
-8*0619949 
8*1307870 
0*8791000 
0*9444010 
0*3300100 
0*1110780 
0.0697990 

-0.6141960 
-0.4400000 
0.9910000 

-0.9444010 
1.1440300 

-I.I908970 
0*0139000 

-8*3171940 
8*3171940 
0*8373030 
0*9498110 

-1*1008100 
1*8001070 

-0*3900010 
-0*1078000 
-0.0794170 
0*1199900 
-1*0190070 
-0*8791000 
1*8901070 

-1*011031« 
1*01161«« 
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SAMPLE PROBLEM 2 

SHORT  FORM 

DAMPING  COCMICICNTaO. 

riiEaueNcviCYci.es/sEc. i 

FIRST FREO"   0* 

I«00000 
a.ooeoo 
3.00000 
«.00000 
S.00000 
«.00000 
T.00000 
o.ooooo 
0.00000 
10.00000 
11.00000 
12.00000 
la.ooooo 
14.00000 
IS.OOOOO 
10.00000 
IT.00000 
10.00000 
»0.00000 
ao.ooooo 
t1.00000 
01.00000 
03.00000 
24.00000 
ts.ooooo 
ao.ooooo 
27.00000 
ao.ooooo 
ao.ooooo 
30.00000 
31.00000 
31.00000 
33.00000 
34.00000 
30.00000 
30.00000 
37.00000 
30.00000 
30.00000 
«0.00000 
«1.00000 
«a.ooooo 
«3.00000 
««.00000 
«0.00000 
«0.00000 
47.00000 
«0.00000 
«o.oooot 

01.00000 

MAX  RESPONSE   X   OMEGA 

MAX  RESPONSE"        0.097000 

o.toosoor 
0.12S3260 
0.1«00407 
0.1901072 
0.2907201 
0.4043640 
0.49S269S 
0.5262013 
0.9838707 
0.6013889 
0.6340120 
0.6096716 
0.7342171 
0.0060347 
1.0108422 
1.2341474 
1.4233621 
1.6244800 
1.7734649 
2.2430000 
3.0149030 
3.6440261 
4.0870333 
4.2130840 
4.1131192 
3.9420118 
3.0070880 
3.1070430 
2.0243780 
2.0409430 
2.2300102 
1.0006474 
t.8860077 
I.«101010 
I.«929217 
1.9384036 
1.8470327 
1.6832037 
0.0291703 
2.3007207 
2.7121639 
3.0720144 
3.3107400 
3.0401844 
3.0103490 
3.70*700« 
3.0372300 
3.0723210 
3.0383370 
S.0203171 
3.710400« 

MAX RESID RESPONSE X OMEGA 

MAX RES RESPONSE" 
0.0970096 

0.1098097 
0.1203260 
0.1400407 
0.1961072 
0.2907201 
0.4043640 
0.4992699 
0.9262013 
0.4760063 
0.3610662 
0.2014037 
0.3968710 
0.8903094 
0.7187693 
0.6914069 
0.4784660 
0.1008071 
0.6661812 
1.4249091 
2.2430000 
3.0149030 
3.0440261 
4.0870333 
4.2138040 
4.1130403 
3.7904812 
3.3436722 
2.8368744 
2.3836004 
1.9341009 
1.8700069 
1.2279779 
0.0000778 
0.8700007 
0.4038043 
0.4023208 
0.7043330 
1.0010493 
1.3091027 
1.0891307 
2.3879090 
0.0002731 
3.1429442 
3.3200701 
3.3004080 
3.3140041 
3.3007093 
3.3000401 
3.0011047 
3.0979927 
3.7124964 

80 



81*000*0 
83.00000 
84.00000 
88.00000 
88.00000 
87.00000 
88.00000 
00.00000 
60.00000 
•1.00000 
•0.00000 
•1.00000 
•••00000 
•8.00000 
••.00000 
•7.00000 
•0.00000 
•9.0000« 
70.00000 
71.00000 
71.0000« 
73.0000« 
74.0000« 
70.0000« 
70.0000« 
77.00000 
70.0000« 
70.0000« 
•0.00000 
01.00000 
08.0000« 
03.00000 
04.0000« 
•8.00000 
00.0000« 
07.0000« 
•0.00000 
00.0000« 
•0.0000« 
01.00000 
•••0000« 
03.0000« 

«8.0000« 
•0.00000 
07.00000 

00.0000« 
100.00000 
101.00000 
lOt.00000 
103.000«« 
104.0000« 
108.00000 
108.00000 
107.0000« 
100.000«« 
100.00000 
110.00000 

9.3196299 
3.1031439 
••6811863 
•.4304013 
8.1741000 
1.0844303 
1.7198384 
1.5913907 
1.■•18418 
1.0380008 
1.8070883 
8.0378000 
8.8087990 
8.8604030 
8.8104140 
3.0010617 
3.I240S0S 
3.8147094 
3.3380837 
3.3990888 
3.4136001 
3.6336309 
3.9940073 
3.4379784 
3.1917780 
8.9840738 
8.6014308 
8.8979606 
1.0966067 
1.0903684 
1.0161000 
1.9884766 
2^ei89984 
8^0781104 
8.1310870 
«•44080M 
8.6890089 
8.7310303 
8.9147308 
8.4084007 
8.«06M«1 
8.6049001 
8.7000046 
«••860««3 
8.6741830 
8.7881811 
8.7608767 
8.8137078 
8.8979099 
8.9003990 
8.0411037 
8^9008886 
3.0103037 
3.0949701 
s.«««Ma« 
3^ 1883818 
3.9398719 
4.1899683 
4.«•«•310 

3.9196899 
3.1031439 
8.9030701 
1.6060076 
1.1161861 
«.•438488 
0.8330138 
0.3030049 
0.0138413 
0.9014889 
1.4300049 
1.0069834 
8.1019393 
8.8074114 
8.1048018 
1.9490009 
1.7081740 
1.0136831 
8.3963684 
8.9647449 
3.4136001 
3.0339309 
3.0040073 
3.3897078 
8.9840399 
8.4008019 
8.1137883 
1.8341893 
1.6139833 
1.4183330 
1.8619470 
1.8740060 
1.4999849 
1.0886089 
8.1878309 
8.3389490 
8.4198984 
8.3919499 
8.8003047 
8.10*7048 
•.«840389 
1.07*9939 
1.7407998 
I.6364641 
1.9000963 
1.0070130 
1.9793139 
U9071629 
1.3430014 
1.1810131 
0.9999806 
1.00170M 
1.8617746 
1.0836*38 
2.0430891 
8.0486010 
3.1401064 
3.0001760 
4.431890a 
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111.00000 
111.00000 
113.00000 
114.00000 
IIS.OOOOO 
110.00000 
117.00000 
110.00000 
110.00000 
lao.ooooo 
111.00000 
m.ooooo 
103.00000 
ia«.ooooo 
KS.OOOOO 
lao.ooooo 
lar.ooooo 
lao.ooooo 
lao.ooooo 
130.00000 
I31.00000 
130.00000 
133.00000 
134.00000 
130.00000 
130.00000 
IST.OOOOO 
130.00000 
130.00000 
140.00000 
141.00000 
141.00000 
143.00000 
144.00000 
140.00000 
140.00000 
14T.0000O 
140.00000 
140.00000 
100.00000 

4.0100383 
9.160577« 
0.1000900 
9*2221972 
9.2264419 
9.1743202 
9.0992927 
9.0093009 
5.0490904 
4.9094990 
4.9690097 
4.4377704 
4.6227702 
4.7996706 
4.9977090 
9.0041432 
0.1900739 
0.3907962 
0.9079000 
0.7734312 
0.1600104 
0.4919042 
0.7610001 
7.0736074 
7.0024000 
0.9371000 
7.3012240 
7.0401749 
7.0700109 
0.3794001 
0.7737249 
9.0660096 
9.1036417 
0.0009740 
0.6000907 
9.0400006 
9.0947000 
9.9446890 
9.9966109 
9.3100600 

SHOMT FORM 

4.9100393 
S.1000774 
9.1000900 
4.7900690 
4.3263391 
3.9217709 
3.7700740 
3.0011407 
4.0000061 
4.0790949 
3.0303032 
3.3340623 
2.7690062 
2.4491791 
2.6009270 
3.0933760 
3.0090700 
3.9149902 
4.0901479 
4.7779026 
0.4244907 
6.1341902 
0.7346961 
7.0736074 
7.0004062 
6.0030070 
6.3000000 
6.0403069 
9.9061937 
6.0099410 
6.0370101 
6.4090099 
0.7100179 
7.1149190 
7.7130006 
0.4419036 
9.1100070 
9.0310430 
9.0000109 
9.1967001 

DAMPING C0ePFlCieNT«0.09999999 

PRIQUCNCV(CVCLOO/OCC.I 
PIROT PNOOB   0. 

1.00000 
0.00000 
3.00000 
4.00000 
0.00000 
0.00000 
7.0000« 
0.00000 
0.00000 
10.00000 
11.00000 

MAX RCOMNOe X 0MC6A 
MAX REOPONOCa   0.0001190 

0.0379400 
0.0709043 
0.1101604 
0.1470673 
0.1900010 
0.2963012 
0.3190773 
0.3009440 
0.4366131 
0.4060043 
0.0306000 

MAX RESIO RCSPONSC X OMCCA 
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I 
I 
1 
1 
1 
1 
1 
1 
2 
2 
22 
2 
2 
25 
2 
2 
2 
2 
3 

2.00000 
3.00000 
4.00000 
.00000 

6.00000 
7.00000 
0.00000 
9.00000 
0.00000 
1.00000 
.00000 

3.00000 
4.00000 
.00000 

6.00000 
7.00000 
a.ooooo 
9.0COOO 
0.00000 
1.00000 
2.00000 
3.00000 
4.00000 
5.00000 
6.00000 
7.OC000 
a.ooooo 
9.00000 
0.00000 
1.00000 
2.00000 
3.00000 
4.00000 
5.00000 
6.00000 
7.00000 
0.00000 
9.00000 
0.00000 
1.ooooo 
2.00000 
3.00000 
4.00000 
5.OOOOO 
6.00000 
7.00000 
0.ooooo 
9.00000 
0.00000 
1.00000 
2.00000 
3.00000 
4.00000 
s.ooooo 
6.00000 
7.00000 
0.00000 
9.00000 
0.00000 

.5650047 

.6025072 

.6711003 

.6102004 

.9723425 

.1059622 

.2378344 

.3542450 
•4517261 
.5121502 
.5715036 
.6811300 
.7121034 
.7406730 
.7244194 
.7011797 
•6455966 
.5659805 
.4881206 
.3915268 
.3046203 
.2307312 
.1768354 
•1412443 
•1275853 
•1573816 
•2238106 
•3000138 
.3783154 
•4517578 
•S203S00 
•5851121 
.6185577 
.6572430 
.7240740 
.7714903 
.7098907 
.7004030 
.7009680 
.0021202 
.0000700 
.7701044 
.7419701 
.7003011 
.0071361 
.0072330 
.0490400 
.6300370 
.6334037 
.6307144 
•6470296 
.6606074 
.0741000 
.6030000 
.0947009 
.7340400 
.7047007 
.7041267 
.7*03000 
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Tt.eeeoo 
72.0000« 
73.00000 
74.00000 
79.00000 
76.00000 
77.00000 
70.00000 
79.00000 
00.00000 
01.00000 
02.00000 
03.00000 
a«.eoooo 
09.00000 
06.00000 
07.00000 
09.00000 
09.00000 
90.00000 
91.0000« 
92.00000 
93.00000 
94.00000 
99.00000 
90.00000 
97.00000 
96.00000 
99.0000« 
too.06000 
101.00000 
102.00000 
103.000«« 
104.«000« 
109.00000 
106.00000 
107.00000 
100.00000 
109.00000 
110.00000 
111.00000 
112.0000« 
113.00000 
114.0000« 
119.00««« 
116.««««« 
117.00000 
na.Owcco 
119.40000 
120.000«« 
111.«000« 
122.«0000 
123.00000 
124.00000 
129.0000« 
126.00000 
127.0C0OO 
120.00000 
129.000«« 

1.7022394 
t.76«0002 
1.7294907 
1.6004896 
1.6929079 
1.6666297 
1.6S04041 
1.6940002 
1.707417« 
1.7204099 
I.7332901 
1.7490411 
1.798113« 
1.77012«« 
1.7010009 
1.7970300 
I.036«902 
1.0701270 
1.913363« 
1.9904764 
1.90691«« 
2.0214200 
2.099160« 
2.0082823 
2.1203047 
2.1910490 
2.1804907 
2.2090842 
2.2392896 
2.2687969 
2.2970434 
2.3247267 
2.3910329 
2.3799299 
2.3993689 
2.4219299 
2.4433489 
2.4632630 
2.««10317 
2.««««3«« 
2.9136293 
2.9201791 
2.9411911 
2.9929643 
1.90117«« 
2.9793019 
«.«777«I« 
2.9039100 
2.907971« 
2.9996001 
2.017911« 
2.6903672 
2.6002212 
2.7170909 
2.7««0299 
1.7711««« 
2.7909026 
2.8t««790 
1.««««««« 
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IMttMM 
ISI.MOM 
t»*MtW 
131.OOOO« 
iJ*.«90M 
isc.osoe« 
l>«*MtM 
IJT.MOM 
tU.MOM 
is«.teeoo 
l««*«MM 
t«l>MOM 
Mt.oeoeo 
Mi.aoooe 
t4«.*eoeo 
1*3.00000 
uo.oooot 
I4T.00OOO 
140.00000 
140.00000 
1S0.00000 

t.OTtlTOt 
O.OOOIOIS 
0.0174004 
a.«3a4iaa 
f.9901444 
3.0040071 
3.00133*0 
S.1100044 
3. lOMTTO 
3.ai04103 
3.aooaoi4 
3.3100413 
3.3900000 
3.4oaao4T 
3.4431707 
3.4000T41 
s.oiToia« 
3.9903901 
3.9003437 
3.0079990 
3.0334970 

1H0MT  PMM 

0AM»1N6 COEFFICIONTsO. 

PMOUCNCV i cvcLia/acc. i 
10.00000 
aa.oaeoo 
30.00000 
40.00000 
00.00000 
00.00000 
70.00000 

00.00000 
100*00000 
110.00000 
iao.ooooo 
130.00000 
140.00000 
190.00000 
100.00000 
170.00000 
100.00000 
100.00000 
800.00000 
aio.ooooo 
aae.oeooo 
aaa.ooooo 
040.00000 
890.00000 
800.00000 
870.00000 
800.00000 
800.00000 
300.00000 
310.00000 

MAX NEOMmac « owe* 
0.0013990 
8.8430000 
8.M00430 
8.3087807 
3.0843171 
1.9019418 
3.3380937 
1.0000007 
A.9147309 
2.0979099 
4.0000310 
4.9004900 
9.7734318 
a.3704801 
0.3188000 
6.4003300 
0.1084000 
7.0708377 
10.0076011 
7.3097804 
7.1779007 
13.1304070 
0.0701008 
0.7003739 
0.1301746 
0.7*10834 
8.137*106 
4.6604704 
4.73003*0 
*.7**0000 
4.9940700 

■ 

ncaio NESI>ON9E a 
0.3010668 
8.8430000 
1.03419*9 
1.0091307 
3.007**37 
e.*138*l3 
8*39*3**4 
1.013*833 
8.8*63647 
1.3*3*91« 
4.43189** 
4.0799949 
4.7779*2« 
*.0299*13 
9.10*7*61 
9.0191*91 
*.0*307*3 
7.3709*19 
9.0079402 
9.7939270 
0.1874*44 

13.13C437: 
3.«2379*1 
4.9978694 
4.190006« 
4.*i;)40l 
4.4007899 
1.3a37«9* 
I.«2*70*2 
3.**«99I4 
2.8977*90 
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«.9112682 
S.6S479S0 
9.9516*59 
7.6642611 
8.3929031 
6.70T32S4 
5.3967382 
5.4726837 
7.9915000 
1C.09296IS 
5.67225S9 
4.9223868 
6.2064720 
16.6626980 
12.5990441 
14.0287548 
8.5671775 
7.6853912 
7.0414768 
6.8870090 
9.0612003 
9.5879017 
12.4685265 
11.7912381 
13.3713596 
15.4383883 
14.8852375 
14.0197783 
14.2594140 
15.1948453 
18.7635851 
12.7766875 
9.0435599 
10.9088503 
14.4142867 
15. 6080470 
39.9168267 
41.0169787 
37.2481532 
33.5364890 
33.1622615 
33.0957823 
26.6072156 
36.0618491 
26.2506065 
24.2740149 
39.0256066 
21.6589115 
29.5010610 
57.1597290 
37.5797143 
40.2439532 
20.9892118 
21.1313868 
21.1676102 
21.1024454 
2C.9411783 
15.1282744 
29.058206« 

3.6082111 
2.2581167 
9.5493848 
6.1251028 
7.8221811 
5.3521238 
0.9335095 
4.5590934 
5.5663314 
8.8656364 
2.4946889 
4.0816076 
5.8942370 
15.3588334 
8.571-17424 
14.0240724 
5.8224066 
3.2154393 
4.0217970 
6.3562272 
6.5626441 
1.2931048 

11.7681925 
11.2566628 
11.7661412 
8.2025073 
11.5208479 
6.3820055 
8.93:64x9 
14.0344567 
18.5134978 
8.6071843 
5.8823307 
2.9627771 
13.1337078 
7.3286763 

39.4246798 
37.3638587 
27.6386724 
26.4047632 
27.3717346 
31.7338808 
6.9213288 
28.1872778 
11.3558363 
1.6996583 

37.8539357 
9.0666267 

23.76231«» 
57.1374674 
28.8460753 
37.9155636 
8.5253859 
7.1144326 
13.96C1575 
16.2059939 
13.9906071 
23.0315237 
25.S30371C 
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9IO.0S000 
920.00000 
930.00000 
940.00000 
950.00000 
960.00000 
970.00000 
900.03000 
990.00000 
1000.00000 

31.6*16600 
37,9981839 
38.0813939 
31.5943122 
31.3997571 
29.7507398 
33.4948893 
27.3976500 
26.5107105 
23.5731676 
SHORT FOR* 

27.0011985 
35.8295188 
37.6841989 
31.0188282 
24.0365034 
21.4417698 
31.9906242 
18.8603947 
24.4738948 
23.2734306 

DAMPING COEFFICIENT>C.09999999 

FREQUENCY(CVCLES/SCC.I 
10.00000 
20.00000 
30.00000 
40.00000 
50.00000 
60.00000 
70.00000 
80.00000 
90.00000 
100.00000 
110.00000 
120.00000 
130.00000 
140.06000 
ISO.00000 
loc.eocoo 
1T0.0J000 
100.00000 
190.00000 
200.00000 
210.00000 
220*00000 
230.00000 
240.00000 
280.00000 
260.00000 
270.00000 
200.00000 
290.00000 
300.00000 
310.00000 
320.00000 
330.00000 
940.00000 
360*00000 
300.00000 
370.00000 
300*00000 
390*00000 
«00*00000 
410*00000 
«20*00000 

MAX RESPONSE * OMECA 
0.486584 3 
1.4517261 
1.4881206 
1.3783154 
I.7805658 
1*6334237 
1.7903096 
1.7204895 
1.9504764 
2.2687969 
2*4984304 
8*5986801 
2*8722792 
3*2685814 
3*6334579 
3*7313687 
3*8233187 
4*1514860 
«*3373303 
«*3296462 
4.1441451 
3*8086703 
3*3555207 
3*0781179 
3*2349019 
3*3623309 
3.4644560 
3*5456266 
3*6084345 
3.6499451 
3*6660808 
3.6544473 
3.6123303 
3.S4S8S96 
3*4829017 
3*3386066 
3*2902806 
3*3141814 
3.3343126 
3*3880110 
3*3748913 
3*3914303 

MAX RES ID RESPONSE X OMEGA 
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«30.00000 
««0.00000 
450.00000 
«eo.ooooo 
«70.00000 
«60.00000 
«90.00000 
SOD.OOOOO 
sio.oooeo 
520.00000 
530.00000 
««0.00000 
550.00000 
500.00000 
STO.OOOOO 
seo.ooooo 
590.0C000 
600.0COOO 
010.00000 
620.00000 
63C.OOOOO 
««0.00000 
650.00000 
660.00000 
670.00000 
660.00000 
690.00000 
700.00000 
710.00000 
720.00COO 
730.0COOO 
7«e.ooooo 
750.00000 
760.00000 
776.00000 
760.0000« 
790.00000 
600.00000 
010.00000 
620.00000 
030.00000 
8«0.OOOOO 
650.0000« 
660.00000 
670.000«« 
•■«.«0000 
090.03000 
900.«0000 
9t«.«0000 
920.00000 
930.00000 
960.00000 
950.00000 
960.00000 
970.00000 
900.00000 
990.00000 
IOOO.OOOO« 

.«0*6856 

.«l«663« 

.«21*090 

.«2«96>e 

.5397916 

.6127975 

.7326111 

.6387367 

.9*68*06 

.0432333 

.1256196 

.21300*5 

.2869«52 

.35066«3 

.«250708 

.7218372 

.9787236 

.2252969 

.«592869 

.6626928 

.9193302 

.1351799 

.3670686 

.5562I50 

.73S8«99 

.050656« 

.91SS6«0 

.9157785 

.6361212 

.8793606 

.0792772 

.0«20097 

.3«35109 

.616705« 

.0e«7350 

.I10«0I6 

.3166675 

.«966007 

.6319956 

.761602« 

.««96922 

.9005«OS 

.9«165«1 

.9308807 

.913956« 

.6609697 

.7759501 

.66215«« 

.5376770 

.«0«6«76 

.21«70«6 

.10230*7 

.0158021 

.9092662 

.7910631 

.7011219 

.62IS6«0 

.511736« 

320.00000 
330.00000 
360.0COOO 
350.00000 
360.00000 
370.00000 
300.00000 
390.00000 
«00.00000 
«10.00000 
«2O.0COOO 
«30.0UCOO 
««o.ocooo 
«50.00000 
«60.09000 
«70.00000 
«80.00COO 
«90.00000 
500.00000 
510.00000 
526.00000 
530.0C000 
5«0.0li000 
S5O.OC000 
560.00000 
570.00000 
580.00000 
S90.0C000 
60«.«0000 
61«.«0000 
620.00000 
630.0COOO 
640.OOOOO 
650.00000 
660.00000 
670.00000 
680.00000 
690.0CC00 
700.00000 
710.00060 
72O.0C000 
730.00000 
740.00000 
750.«0000 
76«.«000« 
770.0CC0C 
78O.OC000 
79«.«0000 
8OO.O0C0O 
010.00000 
620.00000 
«3«.«0000 
840.0000C 
eso.odooo 
«6«.«oooo 
67O.«b000 
eao.ooooo 
•««.«ooo« 
90«.«0000 
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SAMPLE PROBLEM 2 

LCNC   FORM 

DAMPING  COEFFICIENT«))« 

FREOICYCLES/SEC) HAI   RESPONSE   X   OMEGA MIN   RESPONSE   X   OMEGA MAX   RESID   RESP   X   OMEGA 
FIRST   FREOm        0. MAX   RESP'        0.0040391 M|N   RESP«      -C.0061198 MAX   RESIO   RESP«         4. :978696 

1.00000 0.0260267 -0.038*237 0.I99S397 
2.00000 C.0563091 -0.0769012 0.1283260 
3.00000 C.C9S805 -0.1144403 0.1*80*87 
4.00000 0.1*27376 -il. 1919441 0.1961872 
S.00000 0.1964649 -O.222230C 0.2907201 
e.oooeo 0.2666994 -0.2930273 0.4«43640 
T.00000 0.3*27713 -J.3190194 0.4992699 
0.00000 0.4227999 -».44907CC 0.9262013 
9.0000« 0.501*796 -0.9999707 0.4760863 

10.00000 0.5723199 -0.6013969 0.3610662 
11.0000(1 0.63*0126 -0.9619901 0.2014837 
12.00000 0.6696716 -C.4292088 0.390971« 
13.00000 0.73*2171 -0.9929194 0.9903394 
1*.00000 0.7821219 -0.«068347 0.7197693 
19.00000 0.6111091 -1.0189422 0.6914869 
ie.ooooo 0.6*68201 -1.2341474 0.4794660 
17.00000 1.0913280 -1.4233621 0.1«09071 
ia.ooooo 1.3739737 -1.6244980 0.6661912 
19.00000 I.709I9II -1.7734649 1.4249091 
20.00000 2.2223926 -2.1979271 2.2430000 
21.0000'- 2.7709621 -2.«311766 3.0149030 
22.00000 3.200332t -3.3646207 3.6440261 
23.C000O 3.9199902 -3.«18522* 4.0970333 
24.00000 3.7226031 -4.0739194 4.2139940 
29.00000 4.1131192 -*.0671614 *.1130403 
26.00000 3.9420119 -3.0646*0* 3.7994912 
27.00000 3.6070990 -3.9441637 3.3436722 
20.00000 3.1070430 -3.1640061 2.«369744 
29.00000 2.0243790 -2.7722911 2.3S360«4 
30.00000 2.4144110 -2.949943« 1.93419«« 
31.00000 2.0047071 -2.2388102 1.9700969 
32.00000 1.6124741 -l.«««6474 1.227977« 
33.00000 1.3241903 -1.9940877 «.««•«779 
34.00000 1.2929934 -1.4191010 «•97««0«7 
39.00000 1.3006922 -1.4929217 0.4039043 
36.00000 1.3039326 -1.9394036 0.4023209 
37.00000 1•299091« -1.9470327 «.7043330 
30.00000 1.3961394 -1.6932837 1.0019493 
39.00000 1.6670373 -2.0291783 1.3«91627 
40.00000 2.1272490 -2.3607207 1.8991387 
41.00000 2.9020031 -2.712163« 2.3979896 
42*00000 2.707110« -3.0720144 2.«092731 
43.00000 2.939112« -3.3l«7*es 3.1429442 
44.00000 3.2419096 -3.94815** 3.3200761 
49.00000 3.9292770 -3.«193490 3.399409« 
46.00000 3.7247994 -3.6999209 3.31480*1 
47.00000 3. «37230« -3.7997294 3.3007693 
40.00000 3.«72321« -J.8218937 3.3«964«1 
49.00000 3.0039960 -3.8393378 3.9911247 
90.00000 3.0243171 -3.7214329 3.6979927 
91.00000 3.6**2467 -3.933927C 3.7124964 
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St.0000« 
83.00000 
S«.00000 
SS.00000 
90.00000 
ST.00000 
SO.00000 
S«.00000 
•0.00000 
•I.00000 
•t.00000 
•3.00000 
•4.00000 
•S.00000 
••.00000 
•T.00000 
•0.00000 
•0.00000 
TO.00000 
TI.00000 
Tt.00000 
T3.00000 
T«.00000 
TO.OOOOO 
TO.00000 
TT.OOOOO 
TO.OOOOO 
TO.OOOOO 
00.00000 
•t.00000 
oa.oooeo 
03.00000 
•4.00000 

OT.00000 
00.00000 
09.00000 

01.00000 
93.00000 
«3.00000 
04.00000 
•S.00000 
M.00000 
9T.00000 
•0.00000 
«0.00000 
100.00000 
101.00000 
101.00000 
103.00000 
iOO.OOOOO 
100.00000 
100.00000 
10T.00000 
100.00000 
100.00000 
110.00000 

3.t4aT003 
2.ST69666 
2.6621563 
I.4344013 
t.lT4IO«4 
I.«(44303 
I.TI9232« 
I.S9I390T 
1.S6IS4I2 
1.6326062 
1.6078263 
2.1372660 
2.2957990 
2.5664030 
2.0104140 
3.e0100IT 
3.1240569 
3.21*7054 
3.3329537 
3.3990592 
3.0030400 
3.3999246 
3.9641660 
3.43TST24 
3.1917790 
2.0162943 
2.9361170 
2.2246130 
1.040T1I4 
1.0307606 
I.0010401 
I.9924T66 
2.0125924 
2.0721104 
2.1310270 
1.4400000 
t.Ot00010 
2.T3I0303 
2.900S30T 
2.492406T 
2.9010772 
2.6247693 
2.66S*1«0 
t.U4U03 
<.0T4lt30 
2.7221211 
t.TOOOTOT 
2.013T0T2 
2.0ST9090 
2.9003990 
2.94tl03T 
a.ooototo 
3.0I0303T 
3.0S49T«! 
3.0000U0 
3.1223019 
S.OSOtTIO 
4.ia««M3 
4.SS003ia 

-3.2654262 
-2.•332416 
-2.3674932 
-2.0698121 
-1.7467931 
-1.4666813 
-1.4674329 
-1.4086238 
-1.S00612S 
-1.9303922 
-1.SS0V690 
-1.6746893 
-1.9176139 
-a.iiavaoo 
-2.3330400 
-2.4919999 
-2.6166694 
-2.T498998 
-2.S89S7S9 
-3.1033357 
-3.1T2666S 
-3.4S4S123 
-3.S003092 
-3.4130071 
-3.1471449 
-3.9340733 
-2.ft«14332 
-a.aoToooo 
-l.OMMOT 
-1.000S0S4 
-1.9141860 
-1.939T42a 
-1.94S03S2 
-1.9000M4 
-a.iia330T 
-3.3009000 
•2.0093039 
-a.MITTOO 
-2.S14T30S 
-3.4901S0T 
.3.0040001 
-a.oMooot 
•3.T000944 
-3.S999T8T 
•3.4MM3S 
-3.3*13750 
-3.1434010 
-3.1413301 
-3.1030302 
-3.1 «280 OS 
-S.ITSOOOO 
-a.lM^MS 
>3.1«t«14S 
•3.S0S310T 
-3.44T94TS 
-3.114T00O 
-3.8308384 
.4.00TS00T 
-4.849S30« 

3.SI96299 
3.1031439 
2.9038781 
1.6060076 
I.I101M1 
0.8433403 
0.2330130 
0.3830040 
0.0133413 
0.9014380 
1.4309049 
1.0008334 
3.1018383 
2.2974114 
3.1043918 
1.9480000 
1.7631746 
1.9134331 
3.3063M4 
(.9647449 
3.4130001 
3. •338300 
3.99400T3 
3.339T0T3 
3.934338S 
3.48MSI0 
(.1137333 
1.8341381 
1.4139333 
1.4133330 
l.tOIOOTO 
1.2T400M 
1.408834« 
1.03(003« 
3.IST2308 
(.333«480 
3.41S09S4 
t.3«184«S 
(.(«•3MT 
8. tMT«4t 
(.0(40338 
I.0TMB3« 
|.T40T««S 
t.43«4441 
I.8000SO3 
1.88T0130 
1.8T03I38 
1.80T10S« 
1.3433«14 
I.1S1«131 
0.9889300 
I.00IT8M 
•.(•1TT44 
1.6334030 
(.043038( 
8.841401* 
3.1401004 
3.0001 TM 
4.4313800 
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111.00000 
112.00000 
113.00000 
114.00000 
118.00000 
116.00000 
117.00000 
110.00000 
119.00000 
120.00000 
111.00000 
122.00000 
123.00000 
124.00000 
I2S.00000 
ite.ooeoo 
127.00000 
lao.ooooo 
119.00000 
130.00000 
131.00000 
130.00000 
133.00000 
134.00000 
139.00000 
136.00000 
137.00000 
130.00000 
139.00000 
140.00000 
141.00000 
140.00000 
143.00000 
144.00000 
14S.00000 
140.00000 
147.00000 
140.00000 
149.00000 
180.00000 

4.6124017 
9.C143716 
9.C349729 
4.8*25694 
8.0572162 
8.1743202 
8.CS52927 
5.0053869 
5.0*96954 
4.9054596 
4.5650097 
*.4016733 
*.6124563 
4.766233* 
*.6772433 
8.0020366 
8.1803688 
8.3887962 
8.8079268 
8.7734312 
6.1680164 
6.3412776 
6.708*280 
6.6*92218 
7.0006966 
6.9371606 
7.12*6003 
7.8329992 
7.9*76620 
0.379*201 
6.77372*9 
9.C66S296 
9.1836417 
0.9689740 
0.6090907 
9.04600X6 
9.2103831 
9,8446296 
9.8344341 
9.1107803 

-4.0370142 
-4.9063667 
-4.9931406 
-8.2221972 
-5.2264419 
-9.05960*1' 
-4.6921160 
-4.7221107 
-4.4264204 
-4.0070023 
-4.2816337 
-4.4377704 
-4.6227762 
-4.7996706 
-«.9877690 
-8.06*1432 
-8.1980739 
-9.2777900 
-9.3346329 
-9.6110770 
-6.1403028 
-6.4919042 
-6.7610961 
-6.9613044 
-6.9603497 
-6.9201233 
-7.301X240 
-7.6401749 
-7.9790109 
-6.2769624 
-6.3973036 
-8.39X7696 
-6.X740026 
-6.2579601 
-6.67X0413 
-9.0020078 
-9.29*766? 
-9.4100103 
-9.9100416 
-9.31X0600 

4.9100383 
9.1609774 
9.1000900 
4.790X680 
4.3X63391 
3.9X17709 
3.770X740 
3.0011407 
4.0800061 
4.0799949 
3.8303832 
3.3348623 
X.7690X6X 
2.**9|791 
2.6009276 
3.0833760 
3.8X8X700 
3.914990X 
4.X90I4T9 
4.7/796X6 
9.4X44907 
6.1341902 
6.7346961 
7.0736074 
7.00X406X 
6.6039070 
6.3090090 
6.0493009 
0.9X619X7 
6.0X99410 
O.X3T010I 
6.4990090 
0.7100179 
7.1149190 
7.7130000 
0.4419036 
9.1190070 
9.9310430 
9.9006109 
9.1967661 
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SAMPLE PROBLEM 2 

LCNC  FORM 

DAMPING   COEFFICtENT>0>C9999«99 

fdiiHcr ;LCS/SFC I 
FIRST mHj =  t. 

l J00. 

11 o«.oc: 
3 • JOQOii 
4 .rocoo 
s iJCOu 
6 .COOO' 
7 .COOOi. 
8 CCOJV 
<* cauiv 

10 .ccocc 
II •occen 
ia .oaooc' 
13 .iooc-; 
1« .00000 
IS .eoocc 
1« .ooooo 
IT .eoooo 
ia .00000 
19 .00000 
20 .ooooc 
21 .ooccc 
22 .oooco 
23 .ooooo 
2* .ooooc 
29 ,00000 
26 .00000 
27 .ooooo 
28 .00000 
29 .00000 
30 ooooo 
31 »ooooc 
32 .00000 
33 ,00000 
3* ooooo 
35 .00000 
36 .00000 
37 ooooo 
38 .00000 
39 .00000 
40 .00000 
«1 ooooo 
«2 ,00000 
«3 .00000 
•4 ooooo 
4S. oocoo 
46 .00000 
47 .00000 
4« ooooo 
49 ,00000 
SO .00000 
51 ooooo 

MAX   MFSPONSE   X   OMFGA 
MAX    HlrSt'r n.0O*03SI 

!!.• 271717 
0.0577969 
C«(9b9H4« 
0.1*22804 
C.I962RIC 
C.2563312 
C«3I92773 
0.3BC9A4C 
((.«366131 
0.4R65843 
0.5306858 
0.5658847 
0.6t2507? 
0.6251661 
0.6480988 
C»6892952 
0.7266459 
0.8822626 
1.0401853 
1.2497623 
1.»257137 
1.5719036 
1.6811380 
1.7986853 
1.7240752 
1.7143938 
1.7011797 
1.6495966 
1.5659805 
1.4881206 
1.3915268 
1.2918945 
1.20 39173 
1.1395501 
1.1086662 
1.1140342 
1.1530259 
1.2179627 
1.2976037 
1.3783154 
1.4517578 
1.5241979 
1.9851121 
1.6185977 
1.6572430 
1.7248740 
1.7714903 
1.7898907 
1.7884930 
1.7809698 
1.8021202 

MIN RESPONSE X OMEGA 
MIN BESP» -0.0061198 

-0.0379408 
-0.07S9S43 
-0.112168« 
-0.1470673 
-0.1807973 
-0.2130117 
-C«2800073 
-U.3699401 
-0.4343396 
-0.4529236 
-0.4210341 
-C.3830994 
-0.5247811 
-0.6711083 
-0.818288« 
-0.9723429 
-I.1099622 
-1.2378344 
-1.3542458 
-1.4517261 
-I.5121S02 
-1.9497764 
-1.6479601 
-1.7121034 
-1.7406730 
-1.7244194 
-1.6394011 
-1.9329239 
-1.4993467 
-1.4904690 
-1.3073041 
-1.3046203 
-1.2307312 
-I.I768394 
-1.1418443 
-1.1279093 
-1.1973016 
-1.2230106 
-1.3000138 
-1.3720379 
-1.4493105 
-1.9203000 
-1.9747020 
-1.9797069 
-1.9403766 
-1.5363979 
-1.0747972 
-1.5887947 
-1.9943269 
-I.9901710 
-1.0794190 

MAX  RESIO  RESP  X  OMEC« 



81.00000 
83.00000 
84.00000 
88.00000 
86.00000 
87.00000 
80.00000 
89.00000 
60.00000 
61.00000 
62.00000 
63.00000 
66.00000 
68.00000 
66.00000 
67.00000 
60.00000 
69.00000 
70.00000 
71.00000 
70.00000 
73.00000 
76.00000 
78.00000 
76.00000 
77.00000 
70.00000 
79.00000 
00.00000 
01.00000 
02.0000G 
03.00000 
06.00000 
es.ooooo 
06.00003 
07.00000 
00.00000 
09.0000U 
OC.OOOOu 
9I.O00OC 
OZ.PuOOO 
93.00000 
9*.00033 
9S.OO00C 
«6.00000 
97.00000 
90.00000 
99.C0000 

100.00000 
liil.OOObO 
102.1000.; 
IC3.30000 
106.30000 
109.OOOOO 
lOO.OOCOv. 
107.00000 
100.0COOC 
109.ooooo 
HO.000')': 

1.0000708 
1.7701866 
1.7619721 
1.7B83011 
1.6871361 
1.6672338 
1.6*00686 
1.6300376 
1.633*237 
1.6367166 
1.6*70290 
1.6606876 
1.6761299 
1.60300*0 
1.606788* 
1.73*0*82 
1.76*78*7 
1.78*1267 
1.7*030*6 
1.70223*6 
1.7600002 
1.728***7 
1.0*0*0*6 
1.627*00* 
1.871*712 
1.813*16* 
1.«592212 
1.«991*77 
1.8*3*3*6 
1.8*76270 
1.6300033 
1.6738007 
1.718*07* 
1« 7866828 
1.7*703*0 
1.«366*02 
1.0782276 
1.9133636 
1.980*7*6 
1.906816* 
2.0«162** 
2.088160* 
2.0002023 
2.1203067 
2.181068* 
2.100*887 
a.20900*2 
2.2392086 
2.2607969 
2.2070636 
2.32*7267 
2.3S10329 
2.3789288 
2.3993609 
2.6219209 
t.**33409 
2.«632636 
2.«016327 
2.«906306 

-1.86*6130 
-1.800*833 
-1.«611*70 
-1.4I2S021 
-1.30731*1 
-1.39966*3 
-1.376217* 
-1.3*29117 
-1.610870« 
-1.6206063 
-1.6660089 
-1.663361« 
-1.6*060*7 
-1.6*73869 
-1.813**81 
-1.83030*6 
-1.96692S7 
-1*8626309 
-1.8700787 
-1.8936*0* 
-1.6006187 
-1.6236**1 
-1.63*1316 
-1.6828*78 
-1.6666287 
-1.60*6*61 
-1.69*0002 
-1.7076176 
-1.7206098 
-1.733«9*1 
-1.76*0611 
-1.7801136 
-1.7701200 
-1.7010*08 
-1.7*332*6 
-1**068238 
-V018680S 
-1.0261020 
-1.03*6*38 
-1.•666720 
-1.08602*8 
-1.0667220 
-1.0763661 
-1.0086*78 
-1***67*6* 
-1**038*80 
-1**121373 
-1.9206I02 
-1**2*60*0 
-1*03013*0 
-1**638*76 
-1.9907690 
-1.987*767 
-1.966300« 
-1.070**** 
-1.«767830 
-1.0*28*23 
-1.9000970 
-1.0*33878 
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til.30000 
112.00000 
113.00000 
114.00600 
115.00000 
116.00000 
117.00000 
118.00000 
119.00400 
120.00000 
121.00000 
122.00000 
123.00000 
124.00000 
125.00000 
126.00000 
127.00000 
128.00000 
129.0000C 
130.00000 
131.00000 
132.C00OC 
133.00000 
134.00000 
135.00000 
136.00000 
137.00000 
138.00000 
139.00000 
140.00000 
141.00000 
142.00000 
143.00000 
144.00000 
145.00000 
146.00000 
147.00000 
148.00000 
149.00000 
150.00000 

2.5136293 
2.5261751 
2.5411911 
2.5525643 
2.5622746 
2.5703015 
2.5777414 
2.5835108 
2.58 75728 
2.5956801 
2.62 75118 
2.6583672 
2.6882212 
2.7170505 
2.7448299 
2.7722445 
2.7989026 
2.8244750 
2.8489405 
2.8722792 
2.8952513 
2.9174094 
2.9384122 
2.9582444 
2.9776415 
2.9962702 
3.0147992 
3.0336479 
3.0523041 
3.07C7277 
3.0882752 
3.1057992 
3.1222547 
3.1375520 
3.1522428 
3.1664564 
3.1795024 
3.1913715 
3.2021606 
3.2129558 

-1.9983436 
-2.0030557 
-2.0074919 
-2.0116535 
-2.0155394 
-2.0191509 
-2.0224874 
-2.0255508 
-2.0283419 
-2.0308568 
-2.0549282 
-2.1308325 
-2.2056735 
-2.2793104 
-2.3523175 
-2.4243357 
-2.4948165 
-2.5636270 
-2.6315377 
-2.6980584 
-2.7626036 
-2.8253742 
-2.8871990 
-2.9467676 
-3.0048671 
-3.0613390 
-3.1156944 
-3.1688772 
-3.2194193 
-3.2665814 
-3.3155413 
-3.3596568 
-3.4028647 
-3.4431707 
-3.480674t 
-3.5170129 
-3.5502561 
-3.5803437 
-3.6075555 
-3.6334579 
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SAMPLE PROBLEM 2 

LONG FORM 

OAMPtNG coecriciENt.o. 

FBEGicircLes/sec i 
10 0009C 
so /■COO'/ 
30 COCO} 
40 ;co90 
5« coooc 
6C gooct. 
TO ccoo: 
8C C00C1. 
90 coooc 

too «OOCi 
HO uocc 
12? coooc 
130 ■;ooo: 
l«C 3000 J 
ISO COOSC 
16P cocoo 
170 JOOOC 
iec CCOCu 
140 3900 
20C :cc9c 
210 JOOOC 
220 täte. 
230 09009 
2*C 09000 
25C CUOOC 
263 UUOSC 
270 90000 
200 OOOUO 
29C COOCJ 
30C ixioeo 
310 03090 
320 39.00C 
330 09000 
3*0 rsocc 
350 39000 
300 03003 
370 -000V 
380 ooooc 
390 00000 
• 00 noooo 
«IC 9009C 
«20 04000 
«30 00000 
*«0 .00000 
«90 ooeen 
«60 30SC0 
«TO ooooo 
«ao eoooo 
«90 00003 
soo 300CO 
sie ooooc 
920 ooooo 

»AX RESPONSE X QKEC« 
0.S723IS9 
2.2223S26 
2.«1**118 
2.1272*98 
3.«2*3171 
I.S6iS«l2 
3.3329537 
1.8*0711« 
2.5083307 
2.857939S 
«.5506318 
*.905*598 
5.773*312 
8.379*281 
9.2287583 
6.20S7672 
8.0960882 
7.6781775 
9.9535621 
7.385720« 
7.1*37288 

12.92 72692 
6.8791582 
6.7953739 
*.925*916 
5.7*1323« 
5.076*190 
«.660«70« 
«.73893*9 
«.74*0996 
«.99*0769 
«.8112682 
S.«8«7950 
9.9«63I87 
7.251*316 
8.3929031 
6.70732S« 
5.3967382 
S.«726837 
7.3*66106 
9.831933* 
9.6722999 
«.9223868 
6.206*720 
10.6626980 
12.C8I2262 
1«.0287S«S 
8.32*1*66 
7.6053912 
6.968209« 
6.88«S709 
4.0812003 

«IN RESPONSE X OMEC* 
-0.6013559 
-2.1979271 
-2.S*99«38 
-3.360 7207 
-3.T2I432S 
-1.9396129 
•2.8899799 
•1.8966067 
-2.91*7309 
-2.1920202 
•«.9*39206 
••«0870823 
•9.6»li7TC 
•8.276962« 
-9.3128608 
-6.«90 3396 
•8.102*099 
•7.8792377 

•10.0076611 
-6.9«966*S 
•T.ITT90CT 

•i.t*tMT«*e 
-6.78*«6«6 
•6.63*6997 
•9. 1)91 766 
•9.726*8*C 
-9.137619« 
•3.••«7978 
-3.296368« 
••.3««3889 
-«.8310790 
-3.•696799 
-S.0.'3S369 
•4.9916693 
•7.•••1612 
-8.3689973 
-6.68796^7 
-♦.7879370 
-9.00091*2 
-7.991900C 

•K .0929615 
-9.612109« 
•«.•163999 
•••0094893 

-••.«11213t 
-12.9990««! 
-I3.8333^76 
-8.9671779 
-•.«•01313 
-7.06M768 
-•.•87009C 
•9.03*«l*9 

MAX RES 10 RESP X OMCCA 
0.3613662 
2.2*30383 
1.93*1989 
1.8591387 
3.697992.7 
0.6l3a«l'3 
2.39636a« 
1.6139233 
2.2963667 
1.3*3891« 
*.*3i29aa 
*.07499«« 
*.7779626 
6.9299*1(1 
9.1567861 
5.(191651 
6.«63C763 
7.3785*19 
9.80 79*82 
9.793927« 
6.127*6*« 
13.1306870 
3.6237963 
«.997265« 
•.I50u86« 
*.*ioo*ei 
«.«•07299 
1.3837698 
I.62*7082 
3.666S9I« 
2.2577890 
3.6C82II1 
2.2381167 
9.S«938«a 
6.l2SlC2a 
7.«221811 
9.392123« 
0.933SC49 
«.999393« 
9.966331« 
«.«•9«3«« 
2.*9«88a0 
«.0816976 
9.89*2379 

I«.398833« 
8.9T07«2« 

1«.02*372« 
9.«2X«fM 
3.2t9«393 
«.0217970 
6.3962272 
6.9626««1 

95 



S30 eoooo 
5*0 .00000 

SSO JOOCO 
560 .fOOCi- 

s?o ;ooeo 
sao 00000 

S90 ooocc 
60C joocr» 
eic COOCw 

620 eoooo 
6 30 OOüCb 
6*C 5.-0C. 

ese- .COOCO 

660 gaoo« 
670 :ooor 
6 8(1 ocoo- 
6V0 00030 

70 u oaooc 
7»0 COOCw 

T*l' 10JCC 

7J^ loaco 
T«0 ooaco 
750 too«: 
76i; .in^e-. 
770 cecoc 
7 SO eoov,: 
790 j'io: 
SuC ■•«Cv- 
sie ;0009 
8J0 OI'JJ 

830 jncsj 
8.C 11000 
asc oaoco 
860 ;iotc 
870 oaef J 
99". C'.90< 

840 OOSCJ 
9gt oeoc'j 
910 »>i»j 
920 C&QOMI 

930 looce 
9*0 ccooo 
9S0 ?tO?l. 

«69 JJOCw 

970 uocc 
980 coo:c 
99C W4B:4 

1000 3000« 

SB79017 
.2*S««7o 

79I23SI 
37I3S96 

.«383653 
8800296 
973828* 

54 83569 
19*8*93 
7639891 

7766879 

^»39599 

.9088503 
«1*2867 

*063*63 
9168267 

9939375 

1973963 

936*840 
9299*87 

.C997823 
«81*09 

.8290706 
2906069 

C*13258 

02S6;66 

.5»a9IIS 
3SC1990 

1997290 
57971*3 

77925C6 
82 72703 

7017763 
*S62939 
5753180 

5931189 

0197773 
Sl*v969 
367?921 

679232t 

89**083 
.99*3122 

3997971 

TSC 7398 
2809293 

3976900 
51971-15 
5696*12 

-9.«926919 
-I2>*68S269 
-11.7773**8 
-13.1187963 
-l9.3fr7B662 
-1*.8892375 
-l*.0197783 
-l*.299*1«: 
-lt.986*192 
-I8.«727«C7 
•12.6*91108 
-8.9*27893 

-10.6812*26 
-1*.3*06677 
-IS.6'80«7i. 
-34.835929* 
-*l.0169787 
-37.2*81932 
-33.92966*3 
-33.1622619 
-32.8*479*2 
-26.6072196 
•36.0618*91 
-2^.04*6736 
-24.27*01*4 
-39.0116711 
-21.««30654 
-29.90I061C 
-56.93873*5 
-37.297803* 
-0.2*39S32 
-29.9892118 
-21.1313868 
•21.I6761C2 
-21.1C2**S4 
-2^.9411783 
-29.12827** 
•29.0982066 
•31.6416688 
•37.99SI839 
•38.8813939 
-31.3670361 
-31.27^914; 
•28.8960285 
-33.4948893 
•27.09-18916 
-26.U34162 
-23.9731676 

1.24310*8 
11.7681425 
11.2966628 
11.7661*12 
8.2025C73 

11.5208*74 
6. 392,, 55 
8.4306*09 
1*.03**567 
18.513*478 
8.60718*3 
9.8823307 
2.4627771 
13.1337',78 
7.3286 763 

39.*2*6798 
37.3638587 
27.638672* 
26.*i*7632 
27.37173*6 
31.7338808 
6.9213288 

28.1872778 
11.3998303 
1.6996583 

37.8534397 
4. 666267 
23.7623100 
57.137*67* 
28.8*6:753 
37.91SS636 
8.5293894 
7.11**326 

13.9601579 
16.2559934 
13.9406071 
23.:. 3IS23T 
2S.53C37II. 
27.0811989 
39.8299188 
37.68*1464 
31.'188282 
2*.(36983* 
21.4417698 
31.9906242 
18.8603947 
24.4738948 
23.2734306 
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SAMPLE PROBLEM 2 

LCNG   FORM 

DAMPING   COEFFICIENT«0>S9994999 

FRCCICYCLES/SECI 
lO.IOOJO 
2O.CUU0C 

«O.JOOOv 

so.rsojo 
eo.joco:, 
70.1CC0, 
■e.iooo: 
«JO.PCCC.-. 

lOC.OOSOv, 
ncocoo: 
uo.ococc 
13C•'buOC 
i*c.s9oee 
tsc.::oc':. 
tee.aeee: 
iTo.cooc: 

I90.CCCU.' 
ZCO.'COC. 
ilP.Cv.OCC 

ZSr.füO.r 
2*o.^scec 
25f .--oecs 
26«.rsooo 
j7;.}oco: 
zao.:;coo 
J'JO.^ICOC 
30C.009JC 
3I:.COCJ-. 

J2C.CJOOC 
JJO.CCCO: 

3*r.oce<'.c 
3S0.?06QC 
360.:a3c: 
3T0..1C00S 

39'!.)00CC 
•eocaoo 
«tü.coaoc 
«2U.193C. 
♦jo.ooeoc 
««o.iesoo 
»sa.cecoc 

•re.eoooe 
«sc.oooce 
490.000«; 
SOtt.COOOw 
sto.soeeo 
920.00300 

M»x   RESPONSE   X   OMES* 
0.*S698*3 
1.2*97623 
i.*ea>206 
1.378315« 
l.7905658 
1.633*237 
UT««3f9e 
1.54 3*386 
1.950*76* 
2.2687969 
2.*9a*3r* 
2.S9Se8CI 
2.8722792 
3.:>C7277 
3.2129558 
3.241*393 
3.389*1*3 
3.«*7717I 
3.B5J1138 

3.89**75* 
3.6192376 
3.28IS63S 
3.CT8I179 
3.23*9319 
3.3623389 
3.46*4568 
3.5*56266 
3.63 9*3*5 
3.6*99*51 
3.6663808 
3.69***73 
3.6123303 
3.5*5854« 
3.«529017 
3.3356C66 
3.196376' 
3..-3 79597 
2.8586:36 
2.6675712 
2.9990867 
2.76***8* 
2.9188189 
3.0730992 
3.2I*S:07 
3.35619*0 
3.«866229 
3.6127979 
3.73261I1 
3.83 87387 
3.9«68«a9 
«.2*32333 

MIN   RESPONSE   X   OMEGA MAX   RESIO   RESP   4   OMEGA 
0.AS29236 
l.*S|726l 
1.49'>*690 
1.3720375 
1.5952718 
1.4105702 
1.5780757 
1.720489* 
1.836483« 
1.928408'' 
1.9933575 
2.0308968 
2.6980984 
3.268981* 
3.633*979 
3.T3I3687 
3.823JI87 
*.191*869 
4.33733C3 
4.329*462 
4.1441*51 
3.8^5671-3 
1.35552:7 
2.83901*8 
2.7411548 
2.81' 707C3 
2.8689104 
2.9266418 
2.980238< 
3.0296787 
3.0749504 
3.1160492 
3.I5696C5 
3.1999827 
3.2311901 
3.2626IC9 
3.2902986 
3.3141514 
3.33*3126 
3.399011C 
3.3748913 
3.3914393 
3.4046858 
3.«1*663* 
3,*21*090 
3.«2*9618 
3.939791» 
3.98693** 
3.9850275 
3.9*89»*» 
3.«83*179 
3.«270800 
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530.00000 
5*0.00000 
550.00000 
560.00000 
5T0.0C0O0 
500.00000 
590.00000 
600.00000 
610.00000 
620.00000 
630.00000 
640.00000 
650.00000 
660.00000 
6T0.00000 
600.00000 
690.00000 
700.40000 
710.00000 
720.00000 
730.00000 
740.00000 
750.00000 
760.00000 
770.00000 
700.00000 
790.00000 
000.00000 
010.00000 
020.00000 
030.00000 
040.00000 
aso.oooro 
060.00000 
070.00000 
000.00000 
090.00000 
900.00000 
910.00000 
920.00000 
930.0000'' 
940.00000 
980.00000 
960.00000 
970.00000 
900.00000 
990.00000 

1000.00000 

4.1256196 
4.2130045 
4.2669452 
4.3506643 
4.4250708 
4.7218372 
4.9787236 
S.2252989 
5.4592869 
5.6826928 
5.9193302 
6.1351799 
6.3670688 
6.55421 SO 
6.7358499 
6.8506S64 
6.91SS840 
6.9157789 
6.8361212 
6.6809494 
6.7113206 
7.0420097 
7.3439109 
7.6167094 
7.8847390 
8.1104016 
0.3164679 
8.4986007 
8.6319996 
8.7628024 
8.8496922 
8.9005405 
8.9416941 
8.9308807 
8.9139964 
8.8609697 
8.7799901 
8.682194* 
8.9376770 
8.4046*70 
8.21470*6 
8.10230*7 
8.0198021 
7.9092682 
7.7910631 
7.6072070 
7.9691983 
7.4660490 

-3.6237382 
-3.8767179 
-4.077734C 
-4.2474442 
-4.3785282 
-4.4899491 
-4.S945634 
-4.6999245 
-4.8164653 
-4.9521055 
-5.0996525 
-5.2737662 
-5.4926036 
-9.628030C 
-5.8004294 
-6.1279792 
-6.4299195 
-6.6547459 
-6.8066880 
-6.8793806 
-6.8792772 
-6.8001143 
-6.6903145 
-6.70*3719 
-6.907546* 
-7.0920961 
-7.2470399 
-7.4126024 
-7.9*52382 
-7.6113077 
-7.«909280 
-7.7316801 
-7.9379763 
-7.«884284 
-8.0390378 
-8.0676199 
-8.0830839 
-8.0900394 
-8.079*729 
-8.0601012. 
-8.021010* 
-7.98201*2 
-7.92*0197 
-7.899*839 
-7.T88078* 
-7.7011219 
-7.62196*0 
-7.911738* 

PROCRAM   RAN   TO  COMPLETION 

98 



APPENDIX C 

LISTING OF THE GENERAL PROGRAM AND THE PROGRAM 
WITHOUT THE S-C 4020 SUBROUTINES 
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Listing of General Program 
SRFSTORF 
$• CHARACTRON OUTPUT TPPt   ON'B9 
SATTACH 
$AS 
$EXECUTE 
$ IBJOB 
SIBFTC SNERO 
C 
C  

B9 
SYSLB4 
IB JOB 
MAPfFIOCS 
LIST»NODECK 

PROGRAMMER ANTHONY MELODIA  
»      APPLIED MATHEMATICS LABORATORY- 

MELODIA 

C- 
C- 
c 
r 

-DAVID TAYLOR MODEL BASIN» WASHINGTON 
 ^^TELEPHONE NUMBER AREA CODE 301» 

D.C. » 
995-1514 »— ♦ - - 

C 
C- 

DIMENSION Z ( 2000 ).T ( 2000 ) *S ( 2000 ) •S2ND( 2000 ) tXOMEGA( 2000 ) »X ( 2000 ) t 
1XDOT(2000)tALPHA(S5)tOSCIL(1000 > »VEL(1000)«RESID( 1000) 
FOUIVALENCE (RESID.X(l)).(VEL»Xt1001) ) 
NAMELIST/ZAZA1/Z/ZAZA2/T»TZER0» H»      X0»N» 
lXD0T0»lSZ/ZAZA3/IPl,IP2»IP3»IP'nlP5/ZAZA4/ALPHA.NALPHA 
WRITE(6*900) 
PI=3.1415927 
READ(5»ZAZAnf_ 
REAOtStZAZA?)^^ 
READ(5,7AZA3) 
RFA0(5»ZAZAA) 
IF(IP3)50»51.50 

50 1P1«0 
IP2«0 

51 CONTINUE 
<  

 delete If Z's are generated by the program 

Insert loop here If Z's are to be calibrated or 
generated by the program, see listings of 
sample problems 1 & 2 

100 

104 

105 
106 

108 

109 
107 
110 

115 
116 

120 

  WRITE  AND PLOT   INPUT   DATA  
DO   100   I=2»N 
T(H«T(1-1)+H 
IF(ISZ)104.105*104 
WRITE(6,90n 
GO  TO   106 
WRITF(6,90?) 
CONTINUF 
WRITE(6.903J   (Zt1)*T( I)•I»l*N) 
?MIN«Z(1) 
ZMAX>Zm 
DO   110   I=2»N 
IF(ZMAX-Z( IM 108 »109.109 
ZMAX>z(n 
GO TO  110 
IF(ZMIN-Z(n)n0»110»107 
ZMIN«Zm 
CONTINUE 
CALL   CAMRAV(35) 
7N«N 
DX«H«ZN/10. 
DY»(ZMAX-ZMIN)/10, 
CALL  GRID1V(1*T(1)»T(N)*ZMIN*ZMAX»DX*DY»1»1»1»1«6*6) 
CALL   APL0TV(N»T»Z»1»1»1»42»IERR) 
IF(IERR)115»116(115 
WRITE(6»904)   IERR 
CONTINUE 
NN«N-1 
DO  120   I«1»NN 
CALL  LlNEV(NXVmi))»NYV(Z(I))»NXVmi+in»NYV(Z(I + l))) 
CONTINUE 
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CALL PRINTV(-15»15HT1ME IN SECONDS.452»6» 
IP(ISZ)121«122tl21 

121 CALL APRNTV«0.-14.-23.23HPOUNDATION ACCELERATI0N»4»696) 
GO TO 123 

122 CALL APRNTV<0»-14»-19.19HFOUNDATION VEL0CITY»*»664) 
123 CONTINUE 

C 
C COMPUTE S(N) AND S2ND(N) FOR EACH TIME.T  

S(l)«2(2»-Z(l) 
S2NOm»Zm-2.*ZJ2»+2(l) 
K«N-1 

DO 200 I=2iK 
$M)=zn+i)-zm 

200 S2ND(I)»Z(I+l)-2.*Z(n+Z<I-l) 
WRITE(6.917) (I*S(I)*S2ND(1) »I'ltN) 

c 
190 READ(5.920) FREOl.FRF02»DELTAF 

IF(ABS(FRE01-FRF02)-.1E-20) 801.801*191 
191 CONTINUE 

IF(IP3)192.195.192 
19? TEMPsFRF02-FRF01 

lF(AMO0(TEMP*r)ELTAF)-OELTAF/2.)193.194.194 
193 NOFRFO=TEMP/DFLTAF 

GO TO 195 
19A NOFREO=TEMP/DELTAF+1,0001 
195 CONTINUE 

C—■ DAMPED OR UNDAMPED.IF UNDAMPED FIND NUMBER OF RESIDUAL POINTS- 
DO 800 IX=1.NALPHA 
NIN«1 
INI>0 
FRFO«FRE01 
IF«ABS(ALPHA(IX))-,1F-09)201.201.202 

201 lALPHAM 
GO TO 2?,2 

20? lALPHA*? 
??? GO TO (?03.207).IALPHA 
203 TT=TZERO-T(l) 

IF(AMOD<TT.H)-H/2.)2O5.204.204 
204 KH-TT/H+1.000001 

GO TO 207 
205 KH«TT/H+.000001 
207 CONTINUE 

C 
c._ COMPUTE CONSTANTS  

OMEGA«FREO»2.»PI 
RADCAL«SORT(l.-ALPHA( IX)»»2) 
OH«OMEGA»H 
P»OMEGA»RA0CAL 
FX«EXP(-ALPHA(IX)»OH) 
COSPH«COS(P»H) 
SINPH«SIN<P*H> 
A20H«2.»ALPHA(IX)/OH 
RECOH»l,/OH 
ALPHA2»ALPHA(IX)*»2 

X12=1.-?.*ALPHA2 
FACT1»FX»SINPH/RADCAI 
FACT2«FX»C0SPH+FACT1»ALPHA(IX> 
IF(AP«?(FRFO)-.1F-20)220.220»221 

?20 1FRE0=] 
GO TO 2?3 
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221   IFRE0«2 
221   IF(lSZ)'?00i208»300 
208 GO   TO   U00»209)tIFRE0 
209 CONTINUE 

C 
C COMPUTEX0ME.GA(N)tXD0r FOR VELOCITY INPUT  

GO TO(2?«f225)»NlN 
?7A   XOMrGA(l)=0MEGA»X0 

FACT1-RFCOH»(l.-FACT2) 
FACT4aRfC0H»(.5-2.»ALPHA(1X)»RFC0H+EX*((.5+2.»ALPHA(IX)»RECOH) 
1»COSPH-(X12»RFCOH-ALPHA( IX)/2.)»SlNPH/RADCAL») 
FACT5«EX»COSPH-ALPHA(IX)»FACT1 
FACT6=RFC0H»FACT1 
FACT7»(RECOH»»2)»(l.-FX»(COSPH+(ALPHA( IX )+OH/2.)»SINPH/RADCAL) ) 
XDOT(1)=XDOTO 
DO 210 I=2tN 
XOMEGA(naXOMEGA(I-l)»FACT2+XDOT(I-l)*FACTl-S<I-l)*FACT3-S2ND( 1-1) 
1»FACT4 

21C XDOT(I)»-XOMEGA{I-1)#FACT1+XDOT(I-1)»FACT5-S(I-1)»FACT6-S2ND( I-D* 
1FACT7 
GO TO 756 

225 CONTINUF 
<RO«ifMX+<OOK 
<RA»K.MN+I(ICK 
DO 235 1«2»5 
VA»I-1 
TA»VA».2*H 
COSPT»COMP»TA) 
SINPT=SIN(P»TA) 
EXT«EXP(-ALPHA(1X)*0MEGA»TA) 
FACTRl»EXT»(COSPT+ALPHA( IX )»SINPT/RADCAL) 
FACTR2«EXT»SINPT/RADCAL 
FACTR3=ri.-FACTRlI»RFCOH 
FACTR4«(TA/H-.5-A20H+(ALPHA( IX)/2.-X12»RECOH)»FACTR2+( .5+A20H) 
l»FXT»COSPT»*RFCOH 
XMAXO   »XOMEGA(ICRO)»FACTR1+XDOT(<RO)*FACTR2-S(ICRO)»FACTR3 
1-S2ND(ICR0)»FACTR4 
IF(XMAX-XMAXO   )229t230t238 

229 XMAX«XMAXO 
230 XMINO       »XOMEGA(tCRA)»FACTRl+XDOT<ICRA)»FACTR2-S(KRA)»FACTR3 

1-S2ND(<RA)»FACTR* 
IFCXMIN-XMINO       )235»235»232 

23-2 XMIN«XM!N0 
235 CONTINUE 

NIN-1 
211 lF(lPl)500f212»500 
212 IFf IP2)550»7n»550 
213 IF(1P3)500»214»600 
214 IF(IP4)650»215f650 

c 
c- 

215 IF<!P5)700.785*700 

-COMPUTE XOMEGA<N)» 
300 CONTINUF 

XOOT(N)»   FOR   ACCELRATION   INPUT- 

GO   TO(350t305)»IFREO 
305   CONTINUF 

GO   TO(3n8»328)»NIN 
308   XOMEGAIl>»OMFGA»X0 

PCOSl«l,-FX»COSPH 
DFACT3»(l.-FArT2)/OMEGA 
DFACT4«(1.-A20H»EC0S1-X12»FACT1»REC0H)/0ME&« 
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OFACT5»(-4.»ALPHA(lX)-r(2.*(l.-4.*ALPHA2)/OH-2.»ALPHA<m »»EC0S1+ 
1(X12+2.»ALPHA(IX)»(3.-4.#ALPHA2)/OH)#FACT1)»RECOH/(2.»OMEGAI 
DFACT6»(1.-EC0S1)-FACT1»ALPHA(IX) 
0FACT7=FACT1/0MEGA 
DFACT8=(l.-FACT2)*RECOH/OMEGA 
DFACT9=(2.-<1.+4.*ALPHA( IX ) *RECOH)*ECOSl-(2.»X12»RECOH-ALPHA( IX) ) 

1*FACT1)»RFC0H/(2.*0MFGA) 
XDOTd )=XDOT0 
DO   110   1»2»N 
XOMEGA(I)=XOMFGA(I-1)»FACT2+XDOT(I-1)»FACT1-Z(I-1)»OFACT3-S(I-1) 

l»nFArT4-S2ND|1-1)»nFArT5 
310   XDOT ( I ) =-XOMEGA( I-U»FACT1+XD0T ( 1-1 )»DFACT6-2( 1-1 »»DFACT7 

1 -S(I-1)»0FACT8-S2ND( 1-1 )*DFACT9 
GO   TO   756 

325   CONTINUE 
<RO«<MX+KOOK 
ICRA«KMN+KICK 
H2sH»»2 
DO   335   I»2f5 
VA»I-1 
TA*VA».?»H 
COSPT=COS(P*TA) 
SINPT=SIN(P»TA) 
FXT«EXP(-ALPHA(IX)»OMFGA»TA) 
FACTR1 = EXT»(C0SPT+ALPHA( IX)«SlNPT/RADCAL) 
FACTR2=EXT»SINPT/RADCAL 
FACTR3»ll.-FACTRl»/OMEGA 
F ACTR4= (TA/H-A20H» (1 .-EXT*COSPT) -X12»FACTR2»RECOH»/OMEGA 
FACTR5»{TA»*2/H2-TA/H-(2.»(l.-4.»ALPHA2)»RECOH»»2-A20H)» 

1(1.-EXT»C0SPT) + (X12*REC0H+2.«ALPHA(IX)»<3.-4.»ALPHA2)»REC0H»»2) 
2»FACTR2)/(?.»OMEGA) 

XMAXO«XOME6A(KRO)»FACTR1+XDOT(KRO)»FACTR2-Z(KRO)»FACTR3 
l-S(KRO)»FACTR4-S2N0(ICR0)»FACTR5 

IF(XMAX-XMAXO        )329.330t330 
329 XMAX»XMAXO 
330 XMINO«XOMEGA«<RA)»FACTRl*XDOT(ICRA)*FACTR2-Z(KRA)»FACTR3 

1-S(KRA)»FACTR4-S2ND(KRA)»FACTR5 
IFCXMIN-XMINO       )335f335»332 

332   XMIN«XMIN0 
335   CONTINUE 

NIN-1 
GO  TO  211 

r 

C FRE01«ZERO  FOR  FOUNDATION   ACCELERATION  
350  GO  TO(352f365)fNlN 
352   XOMEGA(1)»XO 

XDOTd )»XDOT0 
H2«H»»2 
DO  360   !>2tN 
XOMEGA( I )«XOMEGA( 1-1 )+H«X0OT( 1-1 )-Zn-l )»H2/2.-S( I-l)»H2/6.+ 

lS2NDlI-l)»H2/24. 
360   XDOT«l)«-2( 1-1)»H-S(l-l)*H/2.+S2ND(I-l)*H/12« 

GO  TO  756 
365   CONTINUE 

NIN«1 
GO  TO  211 

c COMPUTE  Xt  XDOT  FOR OMEGA-ZERO VELOCITY  INPUT 
400   GO  TO(402*425)«NIN 
402   XOMEGA(1)>XO 
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5?0 
921 
522 
523 
524 
525 
526 
530 

XDOT(l)«X00T0 
DO 410   I>2*N 
XOMEGAfI)»XOMEGA(I-1)+XD0T(1-1)»H-S(I-1)»H».5+S2ND(1-1)«H/12. 

410  XDOT(n«XDOT(I-l»-S(l-l) 
60  TO  756 

425  CONTINUE 
NIN»1 
GO  TO   211 

C 
C PLOT  X VS.   T  AND XOOT  VS.   T  

500  GO  TO(505»510)»IFREQ 
505 DO  506   I«1»N 
506 X(I)>XOMEGA(I) 

GO  TO  518 
510  DO  515   IMtN 
515   X(l)>XOMEGA(I)/OMEGA 
518     XMX«xm 

xnMx«xnoT(i) 
XMN»X(1) 
X0MN«XD0T(1) 

DO  530   I»2.N 
IF(X(n-XMX   »521»521.520 
XMX-Xd» 

IF(X(I)-XMN   )522.523,523 
XMN>X(n 

IFUDOTCIHXDMX   )525t525.524 
XDMX»XDOT(I) 

IF<XOOT(I)-XDMN   )526»530»530 
XOMN»XDOT(I) 

CONTINUE 
OY»<XMX -XMN -)/10. 
CALL  GRIDlvn*Tni*T(N)tXMNt   XMX t   DXtDY«ltl*l*l *6»6) 
CALL   APL0TV(N«T»X.l.l»l»42tIER> 
IFf!ER»531f532»531 

531 WRITFI6»913)   IER»FREO 
532 NN»N-1 

DO   535   I«1»NN 
CALL  LINEV(NXV(T( I) )*NYV(X( I)) »NXVC T( UD ) »NYV(X( I + U ) ) 

535  CONTINUE 
CALL   PRINtV(-15»15HTIME   IN   SECONDS.452»6) 
CALL   PRINTV(-23»23HFREO» CYCLES/SEC.»20t3> 
CALL   LARLV(FRFO*60*3t6*l«4) 
CALL  PR|NTVC-8»8HALPHA»     »20.17) 
CALL  LARLV(ALPHA(IXI*72»17»6«1*1) 
CALL   APRNTV(0»-14.-11.11HX     RESPONSE.4»600> 
0Y»(XDMX  -XDMN   )/10. 
CALL GRI01V(1»T(1).T(N>»XDMN. XOMX» DXtDY.lil.ltl.6*6) 
CALL APLOTV (N.T.XDOT. 1tl»1*42*IERA) 
IF(IERA) 538*539*538 

538 WRITE(6(914)   lERA.FREO 
539 DO   540   I»1»NN 

CALL  LINEV(NXV(T(I)).NYV(XDOT(I)» »NXV(T(1+1))»NYV(XDOT(1 + 1))) 
540 CONTINUE 

CALL PRINTV(-15tl5HTlME   IN  SECONDS.452»6) 
CALL PRINTV(-23»23HFREO« CYCLES/SEC.»20.3) 
CALL LARLV(FRFO»60»3»6»1»4) 
CALL PRINTV<-8»8HALPHA»     »20»17) 
CALL LABLV<ALPHA(1X).72»17»6»1.1) 
CALL APRNTV<0»-14»-22»22HVELOCITY RESPONSE XP0T»4»688) 
GO TO 212 
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c. 
C PLOT   YCACCELERATIONI   VS.   TIME  

550 CONTINUE 
GO TO(213t551)«IFREO 

551 CONTINUE 
560 DO 56? I«1»N 
562 xm»-XOMFGAm»OMFGA 

XMX«XM) 
XMN«X(H 

DO 566 I»?«N 
IF(XMX -X(I))563t564«564 

563 XMX»X(n 
564 IF(XMN -X(I))566*566*565 
565 XMN=X(I) 
566 CONTINUE 

DY«(XMX -XMN )/10. 
CALL GRID1V(1«T(1)»T(N)»XMN» XMX. DXtDYtl.1♦1»1»6t6) 
CALL APLOTV«N«T»X.l.l.lt42»lERR) 
IF(IERB)570»571.570 

570 WRITE(6.91Q) IERB»FRFO 
571 NN=N-1 

DO 575 I=1«NN 
CALL   LlNEV(NXV(T(I))»NYV{X(I)).NXV(T(I+l))fNYV(X(1+1))) 

575  CONTINUE 
CALL   PRINTV(-15tl5HTlME   IN   SECONDS«452»6) 
CALL   PRINTV(-23»23HFREO= CYCLES/SEC.f20.3) 
CALL   LABLV(FRE0.60.3»6f<ltA) 
CALL   PRINTV(-8»8HALPHA«      ♦20.17) 
CALL LARLV(ALPHA«IX)«72*17*6.1»1 ) 
CALL APRNTV(0*-14*-34.34HMINUS PSEUOO RESPONSE ACCELERATION* 
U«R44I 
GO TO 214 

r 
c 
C _     FOUR COORDINATE GRID  

600 CONTINUE 
INI«1+INI 
0SCIL(INI)«FRF0 
VEL<INI»=AMAXl«ABS(XMAX)*ABSrXMIN>) 
GO TO (601*602)»IALPHA 

601 RESIO(lNn«SORT(XOME6A(KH)»»2+XDOT«KH)»»2) 
IF<RESlD(INn-.lE-19)604»604.602 

60? IF(FREQ-.1E-19»604.604*601 
603 IF(VEL(INI)-.1E-19)604*604*605 
604 NOFREO=NOFREO-l 

INI-INI-1 
605 IF(ABS(FREO-FREQ2)-.lE-09)606*606*214 
606 CONTINUE 

CALL   SMXYV(1*1) 
FR0SML«0SCIL<1) 
VELSML«VEL{1) 
RESSML»RESID(1) 
DO   616   I»2»N0FRE0 
I F(OSClL(n-FROSMH 611.612*612 

611 FROSML=OSCIL(I) 
612 IF(VEL(I)-VELSfL)613.614*614 
613 VELSML'VELdI 
614 IF (RESlOJn-RBSSML) 615*615*616 
615 RESSMLSRESID(I) 
616 CONTINUE 
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ORDSML=AMIMl(VELSML »RFSSML) 
C 
C TO FIND THE LIMITS FOR THE (4X3) CYCLES  
C 

IFULOGICHORDSML) )620»621t621 
6?0   LOGOR^ALOGIOIORDSML)-!. 

GO   TO  6?2 
621 LOGORD=ALOG10(ORDSMU 
622 IF(ALOG10(FRQ5;ML) )623.624.624 
623 LOGFRO=ALOG10(FRQSML)-1. 

GO  TO  625 
624 LOGFRO=ALOG10(FROS»1L) 
625 ORDSyL=10.»«LOGORD 

ORDLGsORDSVL*10.»»4 
FROSML=10.»»LOGFRQ 
FRQLGaFRQSML*10.»»3 

c PLOT LOG-LOG GRID FOR VELOCITY VS FREQUENCY  
CALL GRIDlV(l»FRQSMLiFRQLGtORDSVL»ORDLG.l.0»1.0»l»l»l.l»-2»-2) 

c To FIND LARGEST 1X10 TO THE PTH POWER LINE FOR X  
OMST,RT = ?»*PI»FROSML 
TEMP«ALOGin(ORDLG/OMSTRT > 
IF(TbMP)627t628.628 

627 L0P«TEMP-1. 
GO TO 629 

628 LOP»TEMP 
629 01=10.»»LOP 

V]=0MSTRT*D1 
WIG»10.»OROSML 
XMARGN=NXV{FROLG)-NXV(FROSML) 
YMARGN=NYV(0RDLG)-NYV(WIG» 
SLOPF=YMARGN/XMARGN 
IXC0Rs4+NXV(FRQSML) 
CALL PRINTV(-l»lHD,lXCORtNYV(Vin 
CALL PRINTV(-2»2H0=»900fl7) 
CALL LABLV(01t924,l7t-2tlt3) 

C DRAW LINES UP FROM VI  
VIS«0. 
DO 632 1=1.9 
VIS-VIS+VI 
IF(ORDLG-V15)647*630.630 

630 XTCH»NYV(ORDLG)-NYV(VfS) 
ITCH»XTCH/SLOPF 
ITCH«NXV(FROSML)+lTCH 
KlTCHsNYV(0RDL6) 
CALL LINEV (NXV(FROSML)»NYV (VIS).ITCH.KITCH) 

632 CONTINUE 
C DRAW LINES f'ROM VI DOWN  

647 DO 638 J>1.20 
LAL«LOP-J 
LAN-LAL+1 
DLAN»10.»»LAN 
DLAL»10,»«LAL 
DO 638 T»1.9 
FFT1»I 
VIS«0MSTRT»DLAN-0MSTRT*DLAL*EFT1 
IF(VIS-ORDSML)639.633.633 

633 ,ICITCH«NYV(0RDLG)-NYV(VIS) 
IYMARG»YMARGN 
IF(1YMARGHCITCH)635.634.634 

634 ZITCH«<ITCH 
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—     -^-.. 

1TCH«ZITCH/SLOPE 
GO TO 637 

6'i'i   !TCH«XMARGN 
K1TCH«YMAR6N 

637 ITCH»ITCH+NXV(FRQSML) 
KITCH«KITCH+NYV<VIS) 
CALL   LINEV   (NXVCFROSML) »NYV (VIS).ITCHtKITCH) 

638 CONTINUE 
C DRAW FROM THE RIGHT ORDINATE THE REMAINING X-LINES  
639 OMLAST=2.»PI*FROLG 

LEFT2«J 
LFFT1»FFT1 
DO 6*1 J«LEFT2t30 
LAL«LOP-J 
LAN«LAL+1 
DLAN«10,»*LAN 
DLAL^IO^WLAL 
DO 6*0 laLEFTl»9 
EFT1»I 
VIS»0MLAST»DLAN-0MLAST»DLAL»EFT1 
1F(V IS-ORDSML)6*2 »6361636 

636 <ITCH=NYV(VIS)-NYV(0RDSML) 
CAPT-KITCH 
ITCH«CAPT/SLOPE 
ITCH»NXVCFROLG)-lTCH 
<lTCHaNYV(ORDSML) 
CALL LINEV INXV(FROLG)»NYV(VIS)» ITCH, KITCH) 

6*0 CONTINUE 
I.PFT1 = 1 

6*1 CONTINUE 
6*2 CONTINUE 

C 1—PLOT POINTS  
CALL APL0TV(N0FRE0»0SCIL»VEL»1»1»1.*4,LIT) 
IF(LIT)6*3*6***6*3 

6*3 WRITE(6»92i?) LIT»ALPHA(IX) 
6** GO TO (6*8»6*6)»IALPHA 
6*fl CALL, APLOTV(NOFREQ»OSCIL»RES10»1»1«1»38»ICIT) 

CALL PRlNTV(-28»28HOOO «RESIDUAL SHOCK SPECTRUM»NXV(FROSML)»1006) 
IF(KIT)6*5»6*6»6*') 

6*5 WRITE(6»923) <IT»ALPHA( I X) 
6*6 CONTINUE 

CALL PRINTV(-15»15HFRF0UENCY (CPS).*52»6) 
CALL APRNTV(0.-l*»-8»8HVELOCITY,9t576) 
CALL PRINTV(-8»8HALPHA«  t20»17» 
CALL LABLV(ALPHA(IX)»72»17,6»1»1) 
CALL PRINTV(-19»19H»»» »SHOCK SPECTRUM»NXV(FROSML)»1015) 

C »  GENERATION OF ACCELERATION GRID  
C jo FIND Al  

TEMP«ALOGIO(OR05ML»OMSTRT) 
IF(TEMP»850»851»851 

850 LOP«TEMP 
GO TO 853 

851 LOP«TEMP+l• 
853 A1«10.»»LOP 

V1»A1/0MSTRT 
CALL PRINTV(-1»1HA»IXC0R»NYV(V1)» 
CALL PRINTVr-2»2HA»»900»*) 
CALL LARLVIAl»92*»*»-2»lt3) 

C DRAW LINES DOWN FROM Al  
K1TCH«NYV(OROSML) 
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00 856 1=1.9 
FFTl-I-l 
V!S«Vl»(t.-.l«EFTU 
IF(ORDSWL-vlS)855»855»857 

855 XTrH»NYV(VIS)-NYV(ORDSML> 
ITCH«XTCH/SLOPE 
ITCH«ITCH+NXV(FROSML) 
CALL LINEV (NXV(FROSML)»NYV«VIS)» ITCH. KITCH) 

856 CONTINUE 
C ORAW LINES FRO« Al UP  

857 00 870 J»1»20 
LAN-LOP+J-l 
ALAN«10.»»LAN 
00 870 I=?.10 
FFTlxT 
VIS«ALAN/0MSTRT»EFT1 
IF(VIS-ORDLG)858»858.871 

858 KITCH=NYV<Vl.S)-NYV(ORnSML) 
IYMARG=YMARGN 
IF(lYMARG-IClTCH)862.e61.861 

861 ZITCH=KITCH 
ITCH»ZITCH/SL0PE 
ICITCH=NYV(ORDfML» 
GO  TO   868 

862 ITCH»XMARGN 
KITCH«NYV(VIS)-IYMARG 

868 ITCH«ITCH+NXV»FROSML) 
CALL LINEV (NXV(FROSML).NYV(VIS).ITCH. KITCH) 

flTO rONTINUF 
c -DRAW FROM THE RIGHT ORDINATE »REMAINING A-LINES- 

871 LFFT2=J 
LFFT1=EFT1 
<ITCH=NYV<ORDLG) 
00 875 J»LFFT2.^0 
UAN*L0P+J-1 
ALAN=10,»*LAN 
00 874 1«LFFT1.10 
EFT1«I 
VIS«ALAN/0MLAST*EFT1 
IF(VIS-OROLG)872»872.876 

87? CAPT»NYV(ORDLG)-NYV(VlS) 
ITCH«CAPT/SLOPE 
ITCHsNXV(FROLG)-ITCH 
CALL LINEV «NXV(FRQLG).NYV(VIS). ITCH.KITCH) 

874 CONTINUE 
LEFT1-2 

875 CONTINUE 
876 CONTINUE 

GO TO 214 
r 
C »—  SHOPT FORM — 

650 CONTTNUF 
IF(ABS(FREO-FRE01)-.1F-04)651.651.65? 

651 WRITE(8.91?) ALPHA(IX) 
657 GO TO(658»655).IALPHA 
655 X0MAX«AMAX1(ARS(XMAX)*AHS(XMIN)) 

GO T0(668.669).1FRE0 
658 RMAX»SQRT(XOMEGA(t(H)»»2+XD0T(ICH)»«2) 

X0MAX«AMAX1(ABS(XMAX).ABS(XMIN).ABS(RMAX)) 
GO T0(68l.678).IFRE0 
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762 
76«) 

760 

770 
77.1 
772 
77^ 
774 
77«i 
776 
777 

1 
1 77fl 

779 
781 

7RA 

66B WRITF(8t906) FRFQtXOMAX 
r,0 TO 215 

669 WRITF(P»90S) FRFQ.XOMAX 
GO TO 215 

678 WR1TE(8,907) FREOtXOMAXtRMAX 
GO TO 215 

681 WRITE(8«908) FREO*XOMAXtRMAX 
GO TO 215 

r 
C LONG FORM  

700 CONTINHF * 
IF(ARS(FREQ-FRE01)-.ie-04)701»701»702 

701 WRITE(6f915) ALPHA(lX) 
70? GO TOno*»705).lALPHA 
704 RMAXeSORT(XOMFGA(KH)»»P+XDOT(KH)♦♦2) 

GO TO(74^*742)tIFRFO 
705 GO T0(7?6»727).IFRRQ 
726 WRITE(6»916) FREOtXMAXtXMIN 

GO TO 785 
727 WRITE(6»910) FREO»XMAX»XMIN 

GO TO 785 
742 WRITE(6«910) FREOvXWAXfXMINtRMAX 

GO TO 785 
74^ WRITE(6f911) FRE0»XMAX»XM1NtRMAX 

GO TO 785 
f 
c PRELIMINARY CALCULATIONS FOR M1N. AND MAX. RESPONSE- 

756 GO TO (758t757)tIALPHA 
757 NX«N 

GO TO 759 
758 NX«KH 
759 XMAX»XOMFGA(l ) 

KMX«1 
XMIN=X0MEGA(1) 
<MN«1 
DO 760 1=2»NX 
IF(XMAX-XOMEGA(I))761♦762»762 

761   XMAX'XOMEGAd) 
<MX«1 
IFJXMlN-XOMEGAd) )760»765f765 
XylN»XOMEGA<I ) 
<MN»I 
CONTINUE 
IF(KMX-l)771»770t771 
<MX«KMX+1 
IF(KMX-NX)773.772f77i 
<MX«<MX-i 
IF(KMN-1)775.774*775 

IF(<MN-NX)777»776.777 
<MN>*MN-1 
CONTINUE 
IF(XDOT(KMX-l)»XDOT(KMX))778»778»779 
KOOX«-l 
GO  TO  781 
KOOX-0 
CONTINUE 
IF(XDOT(KMN-l)»XOOT(KMN))783»783.784 
KICX«-1 
GO  TO  950 
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7«A <in(=o 
9',n WINS? 

no TO ?n7 
r 
C EMHER   RESTART   WITH   NEW   FREO.   OR  RESTART  WITH   NEW  ALPHA  OR  STOP 

785  CONT1NUF 
1F(ABS(FREO-FREO2)-«1F-03)800»755I755 

755   FREO=FREO+nFLTAF 
60   TO   ?07 

800 CONTINUE 
GO  TO   190 

801 WRITF(5»90<)) 
CALL FRAMFV 
«;TOP 

r 
900 FORMAT! 1H1»<»9X»22HSH0CK   SPECTRUM  PR0GRAM//50X »21HAPPLI ED  MATH  LAB 

lOTMRt///) 
901 F0RMAT(40Xt38HFOUNDATION ACCELERATION VS TIME!INPUT)//18X.23HFOUNO 

1ATI0N  ACCELERATION»36X»15HTIME   IN  SECONDS) 
90? FORMATU2X»35HFOUNOATION VELOCITY VS TIME «INPUT)//20Xfl9HF0UNDATI 

ION  VELOCITY.35X»15HT1ME   IN   SECONDS) 
903 F0RMAT(1X»F35.9«   44X«F20.9) 
904 F0RMAT(a7H     PLOTTING  ERROR   NUMBER OF   POINTS  OUT  OF  RANGE=»I2//) 
905 F0RMAT(15X»F1C.5»29X»F12,7) 
906 FORMATdOX.UHFIRST   FREO=.F10.5.7X» 13HMAX   RESPONSE= tF12.7/) 
907 F0RMAT(15X.F10.5»2«29X»F12.7)) 
908 FORMAT(10X»11HFIRST   FREO= t'FlO.S.TX.nHMAX  RFSPONSE=»F12.7t 12X. 

n7HMAX   RES   RESPONSE=fF12.7) 
909 FORMAT(///38X.25HPROGRAM  RAN  TO COMPLETION) 
9If   FORMAT(10X»F10,5.3(18X.F12.7)) 
911 F0RMAT«5X.11HFIRST FREO» .F10.5»9X»9HMAX RESP».F12.7»10X»9HMIN RESP 

1«:.F12.7,7X»15HMAX   RESID  RESP=.F12.7) 
912 FORMAT(1H1»55X»10HSHORT FORM//45X.20HDAMPING COEFFICIENT».F10.8/// 

1/9X.22HFREQUENCY(CYCLES/SEC.).19X.20HMAX RESPONSE X OMEGA»18X.26HM 
2AX  RFSID  RESPONSE   X  OMEGA) 

916 F0RMAT(59H PLOTTING ERROR FOR X VS T» NUMBER OF POINTS OUT OF RAN 
1GE»»I2»6H  FRF0*tFin,7//) 

914 F0RMÄT(1X.12.43H   POINTS  OUT  OF  RANGE   FOR   XDOT  VS   TIME.FREO».F10.7 
1//) 

915 FORMAT(1H1.55X.9HL0NG   FORM//45X.20HDAMPING  COEFFICIENT».F10.8/7// 
17X.16HFREQ(CYCLES/SEC).12X.20HMAX RESPONSE   X  OMEGA.10X.20HMIN  RESP 
20NSE   X  OMEGA.8X.22HMAX  RESID RESP  X  OMEGA) 

916 F0RMATUX.11HFIRST FREO».F10.5.10X.9HMAX RESP».F12.7.IGX^HMIN RES 
lPs.F12.7) 

917 F0RMAT(]H1.18X.1HI.38X.4HS( I).34X.7HS2ND( I)// 
1(17X.I4.34X.F12.7.28X.F12.7)) 

918 FORMAT(1H1.50X.19HINTERMEDIATE  VALUES/19X.1HI.35X.9HX0MEGA(I)• 
131X.7HXnOTJI)// 
2117X.I3.34X.F12.7.28XtFl2.7)) 

919 FORMAT«1X.I2.43H POINTS OUT OF RANGE FOR V    VS TIME.FREO».F10.7 
1//) 

92^ F0RMAT(3F70.8) 
921 F0RMAT(6F15.6) 
922 FORMAT«IX.12.49H POINTS OUT OF RANGE FOR VEL VS. FREO WITH ALPHA». 

1F10.8) 
926 FORMAT«IX.12.50H POINTS OUT OF RANGE FOR RESIDUAL PLOT WITH ALPHA» 

1.  F10.8) 
END 
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Listing oi tne Aiiernaie jtrognun vnu o-v, w«u xmiuueu; 

SEXECUTF 1RJ0R 
SIRJOB MAPtFlOCS MELODIA 
SlRFTr   SNFRO        LIST.NOOFCK 
C PROGRAMWFR ANTHONY   MELODIA— — 
c  APPLIFD  MATHEMATICS  LABORATORY '  
C DAVID  TAYLOR   MODEL   BASIN»   WASHINGTON   D.C.-  
C TELEPHONE   NUMBER AREA   CODE   301»   995-1514  
C 
C 

DIMENSION Z(2500)»T(25001 *S(25001iS2ND(2500)»XOMEGA(2500)» 
1XD0T(2500).ALPHA(25) 
NAMELIST/ZAZA1/Z/ZAZA2/T»TZER0* H»      X0»N» 
1XDOTO»ISZ/ZAZA3/IP4»IP5/ZAZA4/ALPHA»NALPHA 
WRITE(6»900) 
PI=3.1415927 
READ(5 »zAZ Ai )f delete if Z's are to be generated by the program 
RFAn(5»ZAZA?) 
READ(5»7AZA3) 
«EAD(51»ZAZA4) 

c ,,—! C WRITE AND PLOT INPUT DATA »- 
DO loo i=2»N      I insert loop here if Z's are to be calibrated or 

100 lul!!'1!1't«    .»     generated by the program, see listings of sample 
IF ( I SZ I 104» 105 »104     rw«%Kl««ia 1 *. 9 

104 WRITE(6»901) problems 1 & 2 
GO TO 106 

105 WRITE(6»902) 
106 CONTINUE 

WRITE(6»90^)  (Z(I)»T(I)»I»1»N) 
C 
C COMPUTE S(N) AND S2ND(N) FOR EACH TIME»T  

Sm«Z(2)-Z(l) 
S2ND(1)»Z(3)-2.»Z(2)+Z(1) 
K=N-1 

00 200 I«2»K 
s(n«z(i+i)-Z(n 

200 S2ND(I)=Z(1+1>-2.»Z(I)+Z(1-1) 
WRITE(6»917) (I»S(I)»S2ND(I)»I>1»N) 

c 
190 ftEAD(5»920) FREOl»FRE02»DELTAF 

IF(ABS(FRE01-FRE02)-.1E-20) 801»801»191 
191 CONTINUE 

C DAMPED OR UNDAMPED»IF UNDAMPED FIND NUMBER OF RESIDUAL POINTS- 
DO 800 IXsl»NALPHA 
NIN»1 
FREO-FREOl 
IF(ABS(ALPHA(IX))-.1E-09)201»201»202 

201 IALPHA»1 
GO TO 222 

202 IALPHA»? 
222 GO TO (203»207)»IALPHA 
203 TT«TZERO-T(l) 

IF(AMOD(TT»H)-H/2.)205.204»204 
204 <H«TT/H+1.000001 

GO TO 207 
205 KH-TT/H+.000001 
207 CONTINUE 

C 
C COMPUTE CONSTANTS  

OMEGA«FREO»2.»PI 
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RAnCAL»«ORT(l.-ALPHA(IX)»*2) 
OHeOMFGA»H 
P=OMFGA»RAnCAL 
PXsFXP(-ALPHA(IX)»0H» 
CO5PH=C0S(P»H) 
.^INPHsSINrP^H) 
A?OH«2,»ALPHA(IX)/OH 
RFCOH»l./OH 
ALPHA2«ALPHA(IX)»»2 
X12«1.-2.»ALPHA2 
FACT1=FX*SINPH/RADCAL 
FACT?=FX»fOSPH4FAfTl»ALPHA(IX) 
IF(APS(FRFO)-.lF-2n)??0f??0»221 

2?0 IFRFQ=1 
GO TO 2?^ 

2?1 IFRFO=2 
2?3 IF(ISZ)100t20e.^OO 
208 GO TO U00t209)tIFRFO 
209 

C 
CONTINUF 

--COMPUTEXOMEGA<N).XDOT FOR VELO Y INPUT  
GO TO(2?4»225)tNlN 

22^ XOMEGA(l)«OMEGA»X0 
FACT3»RECOH»(l.-FACT2) 
FACT4«RFC0H»( .5-2.»ALPHA! IX)»RECOH+FX»( ( .fj-»-2.»ALPHA(IXJ»RECOH) 

l»fO!l;PH-(Xl?*RFCOH-ALPHA( IX )/?. )»«iINPH/RAnCAL ) ) 
FACT5=EX»COSPH-ALPHA(IX)»FACT1 
FACT6«RFC0H»FACT1 
FACT?»(RECOH*»2)•(1.-EX»(C0SPH+(ALPHA (IX) ♦OH/2.)»SINPH/RADCAL)) 
XDOTIU-XOOTO 
DO 210 I>2tN 
XOMEGA(I)«XOMEGA(1-1)»FACT2+XDOT(1-1)»FACT1-S(1-1)»FACT3-S2ND(1-1) 
1»FACT4 

210 XDOT(I)«-XOMeGA(I-l)»FACTl+XDOT(I-l)»FACT5-S(l-l)»FACT6-S2NDII-l)» 
1FACT7 
GO TO 756 

225 CONTINUE 
<RO«KMX+<OOK 
KRA'IfMN+KlCK 
00 215 I»2f5 
VA«I-1 
TA»VA».2»H 
COSPT»C0S(P»TA) 
SINPT«SIN(P»TA) 
EXT»EXP(-ALPHA(IX)♦OMEGA»TA ) 
FACTR1»EXT»(C0SPT+ALPHA(IX)»SINPT/RADCAL) 
FACTR2»EXT»SINPT/RADCAL 
FACTR3«(1.-FACTR1)»RFC0H 
FACTR4=(TA/H-.5-A20H+(ALPHA(IX) /2.-X12»REC0H)»FACTR2+(.5+A20H) 
1»EXT»C0SPT)»REC0H 
XMAXO   «XOMEGA(ICRO)»FACTR1+XDOT(KRO)»FACTR2-S(ICRO)»FACTR3 
1-S2ND(KR0)»FACTR4 
IF(XMAX-XMAXO   )229t210»230 

229 XMAX«XMAXO 
230 XMINO   »XOMEGA(HRA)»FACTRl+XDOT(<RA)»FACTR2-S(KRA)»FACTR3 

1-S2N0(KRA)»FACTR4 
IF(XMIN-XMIN0   )235»235»232 

232 XMIN»XMIN0 
235 CONTINUE 

NIN'1 
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214 IF(1P4)650.21?»650 
215 IF(1P5)700«785«700 

C 
C COMPUTE   XOyEGA(N)»   XDOT(N)»   FOR   ACCELRATION   INPUT  

300  CONTINUE 
GO   TOOSGOOfn.IFREO 

305   CONTINUE 
GO   TO(308»325)tNlN 

308   XOMEGA(ll=0MEGA»X0 
EC0S1=1.-EX»C0SPH 
DFACT3= <1.-FACT2)/OMFGA 
DFACT4=(1.-A20H»EC0S1-X12«FACT1*REC0H)/OMEGA 
DFACT5S(-4.»ALPHA(IX)-(2.»(1.-4.»ALPHA2)/OH-2.*ALPHA(IX))»EC0S1+ 

l'{ X12+?.»ALPHA ( IX).»(3.-4.*ALPHA2)/OH)»FACTl)»RECOH/(2.*OMFC:A) 
DFACT6=(l.-FCOS1 )-FACTl*ALPHA( IX) 
0FACT7=FACT1/0MFGA 
DFACT8=ri.-FACT2)»RECOH/OMEGA 
DFACT9=(2.-(1.+4.*ALPHA(IX)*RECOH)»ECOSl-( 2.*X12*REC0H-ALPHA(IX)) 
1»FACT1)»RF.C0H/(2.*0MEGA) 
XDOT(l)sXDOT0 
DO 310 I=2»N 
XOMEGA(I)»XOMEGA<1-1)»FACT2+XDOT(1-1)*FACT1-Z(I-1)*DFACT3-S(I-1) 
l»OFACT4-S2ND( 1-1)»DFACTS 

310 XOOT(I)s-XOMEGA( 1-1)»FACT1+XD0T(1-1)*DFACT6-2(I-1)»DFACT7 
1      -S(I-1)*DFACT8-S2ND(I-1)*DFACT9 

GO TO 756 
325 CONTINUE 

<RO»ICMX+KOOK 
<RA«t(MN+KlCK 
H2»H*»2 
DO 335 1»2»5 
VA«I-1 
TA»VA»,,>»H 
COSPT=C0S<P»TA) 
SINPT»SIN(P»TA) 
EXT«EXP»-ALPHA(IX)»OMEGA*TA) 
FACTR1=FXT»(C0SPT+ALPHA(IX)»SINPT/RAOCAL) 
FACTR2=EXT»SINPT/RADCAL 
FACTR3»(l.-FArTRl)/OMEGA 
FACTR4=(TA/H-A20H»(l.-EXT»COSPT)-X12*FACTR2»RECOH)/OMEGA 
FACTR5={TA*»2/H2-TA/H-t2.»(l.-4.»ALPHA2)»REC0H»*2-A20H)« 
l(l.-EXT*COSPT)+(X12*RECOH+2.»ALPHA(IX)»(3.-4.»ALPHA2)»RECOH«*2) 
2»FACTR2)/(2.»OMEGA) 
XMAXO-XCMEGA{KRO)»FACTR1+XDOT(KRO)*FACTR2-2 (KRO)»FACTR3 
l-S(KRO)#FACTR4-S2ND(ICRO)*FACTR5 
IF(XMAX-XMAXO   »329t330»330 

329 XMAX«XMAXO 
330 XMINO«XOMEGA{KRA)»FACTR1+XDOT((CRA)»FACTR2-Z(KRA)»FACTR3 

l-S(KRA)»FACTR4-S2Nn(KRA)«FACTR5 
IF(XMIN-XM1N0   )335f335»332 

332 XMIN»XM|N0 
335 CONTINUE 

NIN>1 
GO TO 214 

C FREQ1«ZER0 FOR   FOUNDATION   ACCELERATION  
350 GO  TO(352t365)»NIN 
352   XOMEGA(l)«;X0 

XDOT(l)«XDOT0 
H2«H»»2 
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HO SOU l=^»ni 

X0MEGA(1)«X0MEGA(1-1)+H*XDOT(1-1)-Z(1-1»»H2/2.-S(I-l)»H2/6.+ 
lS2ND(I-l)«H2/24. 

360 X0OT(n«-Z(I-l)«H-S(l-l)»H/2.+S2ND( I-1)»H/12. 
GO TO 756 

365 CONTINUE 
NIN>1 
GO TO 21* 

C 
C COMPUTE X» XDOT FOR OMEGA«ZERO VELOCITY INPUT 

400 GO TO(402«425)»NIN 
402 XOMEGA(l)«X0 

XOOT(l)«X0OT0 
00 410 I«2*N 
XOMEGAf n»X0MFGA(1-1)+XDOT(1-1)*H-S(1-1)»H»,5+S2ND(1-1)»H/12. 

410 XD0Tn)«X00T(I-l)-S(I-l) 
GO TO 756 

425 CONTINUE 
NIN-1 
GO TO 214 

C 
c   SHORT FORM  

650 CONTINUE 
IF(ABS(FREO-FREOl)-.lE-04»651»651f652 

651 WRITE(8.9l?) ALPHA(IX) 
652 GO T0(658*655)«IALPHA 
655 X0MAX«AMAX1(ABS(XMAX)»ABSCXMIN) ) 

GO T0(668t669)*IFREO 
658 RMAX»S0RT»X0MEGA(ICH)»»2+XD0T(ICH)»»2) 

X0MAX>AMAX1(ABS( XMAX)«ABS(XMIN)*ARMRMAX)) 
GO T0(681«678)fIFREQ 

668 WRITE(8»906) FREOtXOMAX 
GO TO 215 

669 WRITE(8*9C'5) FREQtXOMAX 
GO TO 215 

678 WRITE(8«907) FREO*XOMAX*RMAX 
GO TO 215 

681 WRITE(8*908I FREQ*XOMAX*RMAX 
GO TO 215 

C 
c LONG FORM  

700 CONTINUE 
IF(ABS(FREQ-FREQl)-.lE-04)701t701t702 

701 WRITE(6t915) ALPHA«IX) 
702 GO TO(704f705)tIALPHA 
704 RMAX»SORT«XOMEGA(KH)»»2+XOOT(KH)»*2) 

GO T0(743t742).IFREO 
705 GO TOJ726»727)»IFREO 
726 WRITE(6t916) FRE0«XMAX»XMIN 

GO TO 785 
727 WRlTE(6t910) FREQ»XMAX»XMIN 

GO TO 785 
742 WRITE(6»910) FRE0«XMAX*XMIN»RMAX 

GO TO 785 
743 WRITE(6t911) FREOtXMAXtXMINtRMAX 

GO TO 785 
C 
c PRELIMINARY  CALCULATIONS  FOR MIN*   AND MAX.  RESPONSE  

756 GO  TO   (758»757»»IALPHA 
757 NX»N 
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758 NXslCH 
759 XMAX«X0MEGA(1) 

KMX«1 
XMIN«X0MEGA(1) 
KMN»! 
00  760   1=2»NX 
1F(XMAX-X0ME6A(I))761»762.762 

761 XMAXBXOMEGAU ) 
ICMX»I 

762 lFCXMlN-X0MEGA(n)76e»765»765 
765   XMIN>XOMEGA(I> 

<MN«I 
760 CONTINUE 

IF(KMX-1)771»770»771 
770 KMX-KMX+1 
771 IF(KMX-NX)773»772»773 
772 ICMX»KMX-1 
773 lFUMN-n775»774»775 
774 KMN«ICMN+1 
775 IF(KMN-NX)777.776»777 
776 KMN«KMN-1 
777 CONTINUE 

IF(XDOTIICMX-l)»XDOT(KMX))778.778.779 
778 IC00K«-1 

GO  TO  781 
779 ICOOK-0 
781   CONTINUE 

IF(XD0T(KMN-1)*X00T(KMN))783»783»784 
783 KICK—1 

GO  TO 950 
784 KICIC«0 
950  NIN»2 

GO TO 207 
C 
C EITHER RESTART WITH NEW FREQ. OR RESTART WITH NEW ALPHA OR STOP 

785 CONTINUE 
IF(ABS(FREQ-FRE02)-.lE-03)800»755»755 

755  FREQ«FREO+DELTAF 
GO   TO  207 

800 CONTINUE 
GO  TO  190 

801 .WRITE(6»909) 
STOP 

C 
900 FORMAT(lHlf49X«22HSH0CK   SPECTRUM  PR0GRAM//50X»21HAPPLlED  MATH  LAB 

1DTMB»///! 
901 F0RMAT(40X»38HF0UNDATI0N  ACCELERATION  VS  TIME(INPUT»//18X»23HFOUNO 

1ATI0N ACCELERATI0N*36X»15HTIME   IN  SECONDS) 
902 FORMATU2X»35HFOUNDATION VELOCITY VS   TIME   (INPUT)//20X»19HF0UN0AT1 

ION  VELOCITY*35X»15HTIME   IN  SECONDS) 
903 F0RMAT(1X»F35.9(  44X.F20.9) 
905 FORMAT(15X»F10*5»29XtF12.7) 
906 FORMAT!10X*11HFIRST FREQ>*F10.5*7X*13HMAX RESPONSE«.F12.7/) 
907 FORMAT(15X»F10.5»2<29X»F12.7)) 
908 F0RMAT(10X*11HFIRST  FREQ«»F10*5*7X»13HMAX  RESPONSE».F12.7»12X. 

117HMAX  RES RESPONSE«*F12.7) 
909 FORMAT!///3BX»25HPROGRAM  RAN  TO  COMPLETION) 
910 FORMAT(10X»F10.5»3»18X»F12.7)) 
911 F0RMAT(5X.nHFIRST   FREQ«»F10.5»9X»9HMAX  RESPa»F12.7.10X»9HMlN  RESP 
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1/9X»22HFREQUENCY«CYCL£S/SEC.).19X»20HMAX   RESPONSE   X   OMEGA.18X.26HM 
2AX  RESID  RESPONSE  X OMEGA) 

915 FORMAT (1H1.55X.9HLONG   FORM/M5X.20HDAMPING  COEFFICIENT» »F10.8//// 
17X.16HFREQ(CYCUES/SEC)»12X.20HMAX   RESPONSE  X  OMEGA.10X.20HMIN   RESP 
20NSE   X   OMEGA.8X.22HMAX   RESID  RESP   X   OMEGA) 

916 F0RMATUX.11HFIRST  FREO* .F10.5 .10X.9HMAX   RESP= »F12.7.10X.9HMI N  RES 
1P=.F12.7) 

917 FORMAT (1H1.18X.1HI.38X.4HS( I ) »3'»X»7HS2ND( I )// 
1(17X.I4.34X.F12.7.28X.F12.7)) 

918 FORMAT(1H1.50X.19HINTERMEDIATE   VALUES/19X.1HI.35X.9HXOMEGAn). 
131X.7HXDOT(I)// 
2(17X.I3.34X.F12.7.28X.F12.7)) 

920 FORMAT(3F20.8) 
921 F0RMAT(6F15.6) 

END 

317 
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